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VORTEX-LATTICE FORTRAN PROGRAM FOR ESTIMATING
SUBSONIC AERODYNAMIC CHARACTERISTICS
OF COMPLEX PLANFORMS

By Richard J. Margason and John E. Lamar
Langley Research Center

SUMMARY

A FORTRAN computer program has been developed for estimating the subsonic
aerodynamic characteristics of complex planforms. The program represents the lifting
planforms with a vortex lattice. These complex planforms include wings with variable-
sweep outer panels, wings with several changes in dihedral angle across the span, wings
with twist and/or camber, and a wing in conjunction with either a tail or a canard. The
aerodynamic characteristics of interest are lift and pitching moment for both the flat
and/or twisted wing, drag-due-to-lift parameter, leading-edge thrust, leading-edge suc~
tion, distributions of leading-edge thrust and suction coefficients, distributions of several
span loading coefficients, distribution of lifting pressure coefficient, damping-in-pitch
parameter, damping-in-roll parameter, and lift coefficient due to pitch rate.

This paper is intended as a user's guide for program application and sample cases
are included to illustrate most of the options available for use in the program. Also
included is a study of the effect of the vortex-lattice arrangement on some of the com-
puted aerodynamic characteristics along with some recommendations for specifying
vortex-lattice arrangements for particular types of planforms.

INTRODUCTION

In recent years, some wings have become very complex because of the varied speed
regimes in which they are required to operate. Such wings may have variable sweep,
several changes in dihedral angle across the span, or even a variable dihedral angle near
the wing tip. Computing procedures for predicting the aerodynamic characteristics of
these wings become Very involved if an adequate representation of the planform is to be
made. The problem becomes more involved when the body or body and tail are included
in the representation. In order to solve this problem for preliminary designs or for
parametric evaluations, a computer program has been developed for estimating the aero-
dynamic characteristics of these complex planforms.



In this FORTRAN computer program, the planform in steady subsonic flow is
represented by a vortex lattice. Although this type of representation is not new (for
example, refs. 1 to 12), the present program has several useful features that are not
found together in other generally available programs of either the vortex-lattice or
pressure-doublet type (refs. 13 to 15).

The program uses a minimum of input data to describe relatively complex plan-
forms. These planforms may be described by up to 24 line segments on a semispan.
They may have an outboard variable-sweep panel or they may have several dihedral
angles across the span. In addition, two planforms may be used together to represent a
combination of wings and tails or wing, bodies, and tails. The analysis in the present
paper has been extended to handle planforms in a sidewash field. These velocities occur
when a planform has dihedral or when a second planform is placed at a different height
from the first planform.

The program described in the present paper was developed from a basic program
written several years ago, which has had congsiderable use at the Langley Research
Center. Inrecent years this basic program has also been used in industry. The results
have shown good correlation with experimental data.

The present paper is intended to serve both as a description of the program and as
a user's guide for its application. This paper describes in detail the program input data
(appendix A) and output data (appendix B) and provides examples and typical running times
of various types of configurations which can be handled (appendix C) along with a
FORTRAN program listing (appendix D). In addition, the results of parametric applica-
tions of this program are presented to provide guidance in specifying vortex-lattice
arrangements which can be expected to give acceptable results.

SYMBOLS

The geometric description of planforms is based on the body-axis system with the
origin on the planform center line. (See fig. 1 for positive directions.) The planform is
replaced by a vortex lattice which is in a wind-axis system with the origin in the planform
plane of symmetry. (See sketch (d) in text for details.) The axis system by which the
geometric influence of a given horseshoe vortex is computed is wind oriented and referred
to the origin of that horseshoe vortex (fig. 1). The units used for the physical quantities
defined in this paper are given both in the International System of Units (SI) and in the
U.S. Customary Units. For the purpose of the computer program, the length dimension
is arbitrary for a given case; angles associated with planform are always in degrees.

The sym'bolrs used for input data in the computer program are described in appendix A.
The symbols used in the description of the program are defined as follows:
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A aspect ratio; listed as AR in computer program output
By element of boundary-condition matrix, 4mag
b wing span, m (ft)

Cp,i induced drag coefficient, Induced drag

Q. Sref
Cpi /CL2 induced drag parameter based on Munk's far-field solution
b

Cp,ii /CL2 induced drag parameter based on near-field solution

Cy, lift coefficient, L/4.Sref
Cr.r lift coefficient based on additional loading and actual planform area
b
aC
CL lift coefficient due to pitch rate, , per rad
q C
g{dCref
2U
8Cy,
CL o lift-curve slope, |——| , per deg or per rad
3a Jo
C; rolling-moment coefficient, Rolling moment
9,.SrefP
Cl damping-in-roll parameter, ——, per rad
P N
2U
Cm pitching-moment coefficient about ?-axis, Pitching moment
QoSrefCref
8Cm /acL longitudinal stability parameter
N Cm
Cmq damping-in-pitch parameter, TSN per rad
a<q ref)
2U

Cn element of circulation term matrix, Fn/U



ACp

o |

Plower ~ Pupper _Ap
LS P Qo

incremental pressure coefficient,

Suction

leading-edge suction coefficient,
q.Sref

Leading~edge thrust

leading-edge thrust coefficient,
q,Sref

chord, m (ft)

average chord, ST/b, m (ft)

chord along left trailing leg of elemental panel, m (ft)

section induced drag coefficient based on near-field solution

section lift coefficient

reference chord, m (ft)

section leading-edge suction coefficient

section leading-edge thrust coefficient

section induced drag based on near-field solution, N/m (1b/ft)

influence function which geometrically relates influence of single horseshoe
vortex to a quantity which is proportional to velocity induced at a point,
m-1 (ft-1)

sum of influence function F at a control point on wing caused by two sym-
metrically located horseshoe vortices, one on left half of wing and one on
right half of wing, m-1 (ft~1)

element of influence function matrix, Fw,nk - Fy nktan ¢,

lift for entire wing, N (lb)

lift per unit length of span, f/(2s cos ¢), N/m (lb/ft)



i lift per unit length of vortex filament, N/m (lb/ft)

! lift generated along a finite length of vortex filament, N (lb)

My pitching moment for entire wing about f(-axis, m-N (ft-1b)

M, free-stream Mach number

my pitching moment about Y-axis due to lift developed on elemental panel, m-N
(ft-1o)

N maximum number of elemental panels on entire wing

Ne number of elemental panels in a chordwise row

Ng number of chordwise rows of elemental panels on wing semispan

p roll rate, rad/sec; also, pressure, N/m2 (Ib/ft2)

q pitch rate about Y-axis, rad/sec

Ao free-stream dynamic pressure, N/m2 (lb/ft2)

Sref reference area, m2 (ft2)

S, actual planform area, m2 (ft2)

s horseshoe semiwidth in plane of horseshoe vortex, m (ft)

T = Sref/(ZSn cos ¢ Cay)

t section leading-edge thrust per unit span, N/m (lb/ft)
U free-stream velocity, m/sec (ft/sec)

u backwash velocity, m/sec (ft/sec)

v resultant velocity, m/sec (ft/sec)

v sidewash velocity, m/sec (ft/sec)



AT

downwash velocity, m/sec (ft/sec)

axis system of a given horseshoe vortex (see fig. 1)

body-axis system for planform (see fig. 1)

wind-axis system

distance along X-, Y-, and Z-axis, respectively, m (ft)
distance along X~ and Y-axis, respectively, m (ft)

distance along X-, Y-, and Z-axis, respectively, m (ft)
midspan X-location of quarter-chord of elemental panel, m (ft)

midspan X-location of three-quarter-chord of elemental panel, m (ft)

fractional spanwise distance from root chord to center of pressure on left

wing panel
angle of attack, deg
induced angle of attack, rad

Prandtl-Glauert correction factor to account for effect of compressibility in
subsonic flow, V 1- Mc,o2
vortex strength, m2/sec (ft2/sec)

r G
nondimensional lift, — or —
bU 2b

net vortex strength along left trailing leg of elemental panel, m2/sec
(ft2/sec)

nondimensional spanwise coordinate, ¥y/(b/2)



P density, kg/m3 (slugs/ft3)

¢ dihedral angle, in Y-Z plane, deg
A planform leading-edge sweep angle, in X-Y plane, deg
Y quarter-chord sweep angle of elemental panel; because of the small angle

assumption, also used as sweep angle of spanwise horseshoe vortex fila~
ment, in X-Y plane, deg

' = tan~I((tan v)/p)

Subscripts:

a additional; or angle of attack

B twist and/or camber at Cy, =0 for chordwise row of elemental panels
b twist and/or camber at Cy, =0 for elemental panel

d desired

i index for elemental panel in chordwise row

j maximum number of elemental panels in chordwise row
k index for control point

l left half of wing

lower lower surface

n index for elemental panel on wing semispan

o value takenat Cp =0

r right half of wing

rad per radian angle of attack



s spanwise bound vortex element

t chordwise bound vortex element
tc twist and/or camber

u backwash

upper upper surface

v sidewash

w downwash

BASIC CONCEPTS AND LIMITATIONS

The vortex-lattice method is used in this computer program to determine the aero-
dynamic characteristics of planforms at subsonic speeds. This method is an extension
of the finite step lifting-line method originally described in reference 16 and applied in
reference 11. This method assumes steady, irrotational, inviscid, incompressible,
attached flow. The effects of compressibility are represented by application of the
Prandtl-Glauert similarity rule to modify the planform geometry. Potential flow theory
in the form of the Biot-Savart law is used to represent disturbances created in the flow
field by the lift distribution of the planform. It is assumed that in any plane parallel to
the X-Z plane the vertical displacements which occur in the wing or wake are neglected,
except when the boundary conditions at the control points are determined.

The planform is divided into many elemental panels. Each panel is replaced by a
horseshoe vortex. This horseshoe vortex has a vortex filament across the quarter-chord
of the panel and two filaments streamwise, one on each side of the panel starting at the
quarter-chord and trailing downstream in the free-stream direction to infinity. Figure 1
shows a typical horseshoe-vortex representation of a planform. The boundary condition
for each horseshoe vortex is satisfied by requiring the inclination of the fluid streamlines
to match the angle of attack at the three-quarter-chord point of its elemental panel. The
circulations required to satisfy this tangent flow boundary condition is then determined by
solving a matrix equation. Then, the Kutta-Joukowski theorem for lift from a vortex fila-
ment is used to determine the lift from each elemental panel. These lift results are then
summed appropriately to obtain lift, pitching moment, and other aerodynamic character-
istics. A similar procedure called the near-field solution is used to compute leading-
edge thrust, suction, and induced drag. This program ignores the effect of thickness.
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The lifting-surface planform is represented for the computer program by a series
of up to 24 straight segments which are positioned counterclockwise around the perimeter
of the left half of the planform. Lateral symmetry is presumed. The lines start at the
leading edge of the plane of symmetry, go along the leading edge to the left tip of the
planform, return along the trailing edge, and end at the trailing edge of the plane of sym-
metry. The preciseness of the X and y Cartesian coordinates and dihedral angles,
given as input data, determines the accuracy of the planform representation. It is
recommended that the planform coordinates listed in the second group of the geometry
output data given in appendix B be plotted and examined after each computation to verify
the accuracy of the planform representation. This check should be made before using the
aerodynamic output data.

There are a number of restri¢tions and limitations in the application of this com-
puter program. These limitations are discussed in detail in the program description and
are noted with the appropriate input variables in appendix A. For the convenience of the
program user, a complete list of restrictions and limitations is presented.

The restrictions in the first group apply to all planforms and are as follows:

(1) A maximum of two planforms may be specified. For examples, see sample
case 1 for one planform and sample case 2 for two planforms.

(2) A maximum of 24 straight-line segments may be used to define the left half of a
planform. The lateral separation of the ends of these lines can be critical when the
horseshoe vortices are laid out by the computer program. For details of the lateral
separation requirements, see pages 12 and 13.

(3) The maximum number of horseshoe vortices on the left side of the configuration
plane of symmetry is 120. When two planforms are specified, the sum total of the vor-
tices in both is limited to 120. Within this limit, the number of horseshoe vortices in any
chordwise row may vary from 1 to 20 and the number of chordwise rows may vary from 1
to 50. For examples, see the sample cases in appendix C.

The limitations that apply only to variable-sweep planforms are (1) there should
always be a fixed-sweep panel between the root chord and the outboard variable-sweep
panel, (2) the pivot cannot be canted from the vertical, and (3) no provisions have been
made for handling dihedral in the geometry calculations for the variable-sweep panel or
at the intersection of this panel with the fixed portion of the wing.

The limitations that apply only to planforms which have nonzero dihedral angles or
to two planforms which do not lie in the same plane are (1) the variation in local chord
must be continuous from the tip chord to the root chord of each planform specified, (2) the
number of horseshoe vortices in each chordwise row must be at least two, and (3) the
number of horseshoe vortices must be constant over the semispan of each planform.



Restrictions on allowed values or codes for individual items of input data are described
in appendix A.

The calculations presented herein were made with a computer which used approxi-
mately 15 decimal digits. For other ccmputers with fewer significant digits, it may be
necessary to use double precision for some of the calculations. In addition, it may be
necessary to change some of the tolerances used in the program. These tolerances are
mentioned in either the text or the program listing.

PROGRAM DESCRIPTION

This FORTRAN program is used to compute the following aerodynamic character-
istics: CLa’ Cp at a=0, a at Cp, =0, Yeps Cmgs BCm/SCL, CD,i/CLZ:
Cp,ii /C LZ, spanwise distribution of additional wing loading, spanwise distribution of wing
loading due to twist and camber, and spanwise distribution of basic wing loading. In addi-
tion, the following aerodynamic characteristics are computed for a specified lift coeffi-
cient: the incremental pressure coefficient for each elemental panel, the spanwise dis-
tribution of the combined basic and additional wing loadings, the configuration angle of
attack, and the contribution of the major planform to lift coefficient and induced drag coef-
ficient. At an angle of attack of 1 rad, the induced drag, leading-edge thrust, and suction
coefficients are computed for the entire configuration by using a near-field solution. This
program can also be used to compute Clp or both Cyp, q and Cmq (rotary derivatives).

These quantities are described in detail in Part III of the Program Description.

The computation in this program for the aerodynamic characteristics is divided into
three parts: Part I contains the required geometric calculations, Part II contains the cir-
culation term calculations, and Part II contains the final output terms, calculations, and
answer listings. These three parts coincide with the three overlays in the FORTRAN
computer program. The input data are described in detail in appendix A, and the output
data are described in detail in appendix B. Several sample cases are given to illustrate
the use of the program. Listings of the input data and computed results for these sample
cases (appendix C), along with the FORTRAN computer program (appendix D) are given.

PART I — GEOMETRY COMPUTATION

The first part of the program is used to compute the geometric arrangement
required to represent the planform by a system of horseshoe vortices and is divided into
three sections. In Section 1, a description of the planform (group one of the input data in
appendix A) is read into the computer. In Section 2, configuration details (group two of
the input data) are read into the computer. In Section 3, the horseshoe vortex lattice is
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laid out. When two planforms are used to describe a wing-body-tail configuration, each
of these sections is repeated for the second planform. At the beginning of the geometry
computation, a data card is read which describes the number of planforms (either 1 or 2),
the number of configurations for which values are to be computed, and the reference val-
ues for chord and area.

Section 1. Reference Planform

The planform is described by a series of straight lines which are projected onto the
X-Y plane from the deflected planform as shown in figure 1 for a double-~delta planform.
The primary geometric data are the locations of the intersections of the perimeter lines,
the dihedral angles, and an indication as to whether the lines are on a fixed or movable
panel. The pivot location is also required for a variable-sweep planform. These data
are described in group one of the input data (appendix A). For variable-sweep wings, the
planform used for input should be the configuration with the movable panel in a position
where the maximum number of lines required to form its perimeter are exposed.

Section 2. Configuration Computations

The particular configuration for which aerodynamic characteristics are sought is
described by group two input data which are read here. These data include the following
quantities: An appropriate configuration number, the number of horseshoe vortices
chordwise, the nominal number of vortices spanwise, the Mach number, the particular lift
coefficient at which the total span load distribution is desired, the sweep angle of the out-
board panel for variable-sweep wings, a code to indicate whether Clp should be com-
puted, a code to indicate whether CLq and Cmc1 should be computed, and a code for

each planform to indicate whether it is flat or whether it has twist and/or camber. The
foregoing data are punched on one card for each configuration as described in appendix A.

The number of horseshoe vortices used in each chordwise row (SCW) can be constant
across the span or it can vary. If it is constant, simply indicate the number on the con-
figuration card and this value will be used on each planform of the group one input. If it
varies, use 0 and add the required input cards to define the table of values (TBLSCW (I))
described in appendix A. However, it is usually desirable to use a constant value the first
time a planform is used in the program. For all but the most simple planforms, the pro-
gram adds some extra rows of horseshoe vortices. (This is described in Part I,

Section 3.) As a result, the number of chordwise rows actually laid out (SSW) is usually
greater than the nominal number of rows (VIC) and it takes one run through the program
to determine the exact number and location of the rows.

The lift coefficient at which the total span load distribution (basic loading plus addi-
tional loading) is desired will usually be between 0 and 1. However, if a value of 11 is
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specified, an induced drag polar is computed. In this case, the program will provide val-
ues of Cp, for 11 values of Cjy, from -0.1to 1, as well as values of ACp and the

total span load distributionata Cyp, of 1.

If a planform has twist and/or camber, additional data cards are required with the
group two input data. These data are the local angles of attack in radians at the control
points when the root-chord angle of attack is 0°. The control point of each elemental
panel is at the midspan three-quarter-chord line. Generally, it is necessary to compute
the vortex-lattice arrangement for the planform without twist and camber to determine
the locations at which the local angles of attack are required. The order in which these
data are provided is described in detail in appendix A. If a planform has no twist and/or
camber, no additional cards are required for group two input twist data because the pro-
gram will assign O for the values of the local angles of attack, If variations in the basic
wing planform are desired for additional computer cases, they may be obtained by
repeating only the group two input data with appropriate changes in any of the aforemen-
tioned variables.

For a variable-sweep planform, the angle which describes the sweep should be on
the leading edge of the movable panel adjacent to the fixed portion. The intersection
points and slopes for the planform in the desired position are then computed. For a fixed
planform, the sweep-angle specification is not required because the program will use the
unaltered basic planform. The planform breakpoints are checked to see whether any con-
secutive pair in the spanwise direction is less than (b/2)/2000 apart. If this occurs, the
points are adjusted to coincide with each other. The adjustment is necessary to avoid a
poorly conditioned matrix which could result in biased results for the circulation terms.
Although this adjustment is usually adequate for planforms with no dihedral, it may not be
sufficient for wings having dihedral or for use of this program in computers which have
fewer than 15 significant decimal digits. This problem is discussed in detail in Part I,
Section 3.

When two planforms are specified, the program compares the spanwise location of
the breakpoints on both planforms inboard of the tip of the planform with the shorter semi-
span. If all the breakpoints coincide spanwise, no action is taken. However, if one plan-
form has a breakpoint which does not occur on the other planform, an additional breakpoint
is added to the other planform on its leading edge. This is done to force all trailing legs
from the horseshoe vortices to occur at the same spanwise location, which keeps a trailing
leg from one planform from passing close by a control point on the other planform and
prevents unrealistic induced velocities at that control point.

The program determines the planform area and span projected to the X-Y plane and
uses these values to compute the average chord. Planforms which have a constant angle
of dihedral from the root chord to the tip chord have an average chord which is independent
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of dihedral angle. However, wings with more than one dihedral angle have an average
chord which is dependent on the individual dihedral angles.

Section 3. Horseshoe Vortex Lattice

In this section, the procedure by which the horseshoe vortex lattice is laid out is
described. The planform is divided chordwise and spanwise along the surface into trap-
ezoidally shaped elemental panels; one horseshoe vortex is assigned to represent each
panel. The horseshoe vortices are similar to those described in references 11 and 16
and are sketched in figure 2 for a typical panel. The horseshoe vortex is composed of
three vortex lines: a bound vortex which is swept to coincide with the elemental-panel
quarter-chord sweep angle in the plane of the wing and two trailing vortices which extend
chordwise parallel to the free stream to infinity behind the wing. Figure 1 shows a typi-
cal chordwise row of horseshoe vortices on an arbitrary planform. The nominal width of
these horseshoe vortices is the total semispan in the plane of the wing divided by the var-
iable VIC. (See appendix A.)

The procedure for laying out the horseshoe vortices and the elemental panels is to
begin at the left tip with the first chordwise row of vortices and then proceed toward the
wing root. The actual spanwise locations of the chordwise rows of horseshoe vortices
are adjusted so that there is always a trailing vortex filament at points where there are
intersections of lines with breakpoints of the planform. This adjustment may cause the
horseshoe vortex width to be narrower or wider than the nominal width. When a horse-
shoe vortex has one trailing vortex filament which coincides with a breakpoint, the width
of the horseshoe vortex may vary from 0.5 to 1.5 times the nominal width. When both
trailing legs coincide with breakpoints, the width may vary from a maximum of 1.5 times
the nominal width to a minimum width of (b/2)/2000, as described previously in Section 2.
For wings with zero dihedral angles, good results can be expected for horseshoe vortices
of these widths. However, for planforms having dihedral, the span loading results may be
poor when narrow (less than 0.5 times the nominal width) horseshoe vortices exist.
Hence, special care must be used in describing a planform with dihedral so that these
narrow horseshoe vortices will not be used. The number of chordwise rows actually laid
out is given by the variable SSW.

In the chordwise direction, the horseshoe vortices are distributed uniformly and the
number of vortices is given by either the variable SCW or TBLSCW (I). The maximum
number of horseshoe vortices in the chordwise directibn is 20 and in the spanwise direc-
tion the maximum number is 50 on a semispan. However, the total number of horseshoe
vortices (either the product of SCW and SSW or the sum of TBLSCW (I)) permitted by the
program is 120 on a semispan. The exact number generated by the program depends on
the values of VIC and SCW and on the details of the planform. As many as one additional
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chordwise row of horseshoe vortices may be generated by the program at each breakpoint
outboard of the root. Wings with dihedral must always have at least two horseshoe vor-
tices chordwise; wings without dihedral may have only one. The most desirable spanwise-
to~chordwise horseshoe-vortex ratio is examined in that portion of the paper entitled
"Effect of Vortex-Lattice Arrangement on Computed Aerodynamic Characteristics.™

The Prandtl-Glauert correction factor is applied to the X-coordinates and the tan-
gents of the sweep angle of the horseshoe vortices at this point to account for compres-
sibility effects.

Parametric studies can be performed on optional features selected by repeating the
group two input data. These parameters include Mach number, vortex-lattice arrange-
ment, desired lift coefficient, distribution of twist and camber, and sweep angle for a
variable-sweep planform. The optional features include the computation of the rotary

derivatives Clp or CLq and Cmq- This computation is accomplished by repeating

the information required by group two of the input data for each additional case. Any
number of additional cases may be used for a given initial wing planform set. A few
limitations for variable-sweep planforms which should be noted are (1) the pivot cannot
be canted from the vertical, (2) no provisions have been made for handling dihedral in the
geometry calculations for the variable-sweep panel or at the intersection of this panel
with the fixed portion of the wing, and (3) there should always be a fixed-sweep panel
between the root chord and the outboard variable-sweep panel.

PART I — VORTEX-STRENGTH COMPUTATION

The vortex lattice laid out in Part I is now used in place of the real wing to generate
the same flow field as the wing and to determine the forces and moments acting on the
real wing. To perform these functions, the flow must be constrained so that it does not
pass through the vortex lattice at specified points. These points are called control points
and are at the midspan three-quarter-chord line of each elemental panel. This flow con-
straint is called the "no flow" condition and is equivalent to requiring that the flow be
tangent to the real wing mean-camber surface. Simultaneous matching of the no flow
condition at all the control points is used to compute the required vortex strengths. This
can be conveniently expressed in matrix form as

© -[ @B ®

where Cp, Gpk,and Bk are the elements of these matrices.
The matrix {B} represents the numerical values satisfying the boundary condi-

tions which are presented in sketches (a) to (d) and equations (2) to (4). The traditional
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representation for flat wings is shown in sketch (a) of a wing chord.

"l

N| \/4

View across

U sin o
wing chord

U

Sketch (a)

weosa-Usina=0 (2)

This boundary condition may be extended to represent wings with dihedral. This exten-
sion is shown in sketch (b), which is a view looking upstream toward the trailing edge of

the left half of the wing span.

v sin ¢,

W COS & COS ¢l

U sin o cos ¢;

=il

z

Sketch (b)

wcosacosqbl-vsincpl-Usinacos¢l=0 (3)

A view looking upstream toward the trailing edge of the right half of the wing span
(sketch (c)) presents a somewhat different combination of velocity vectors for the no flow

condition from that just considered.
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W COS & COS ¢

Nj

Sketch (c)

W COS & cOS ¢y +V 8in ¢ - U sin @ cos ¢r =0 (4)
In the geometry convention for this paper

¢=¢l=‘¢r

This relationship can be used to show that equations (2) and (3) are identical and have the
form

W COS ¢ cos ¢ -vsing -Usinacos ¢ =0 (5)
or, for small angles of attack,

w - vtan ¢ = Ua (6)
In the present formulation of a vortex lattice, the angle of attack in equation (5) refers to

the flow at the control point for each elemental panel. The vortex lattice is located in a
plane parallel to the free stream as shown in sketch (d).
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Flow angle of attack at
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ypical spanwise

X
T
;; § vortex filament
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Wing at an angle Vortex-lattice trailing filaments
of attack
Sketch (d)

The downwash velocity for a particular horseshoe vortex can be expressed as

T
W(X,y,Z) = Z_ﬂ FW(X' ,y,Z,S,lV ,d)) (7)
where the downwash influence coefficient is
Fulx',y,2,8,¢',9) =— 5 {y tan y' - X'}cos ¢
(x")° + (y sin ¢)" + cos2p(y2tany + z2sec2y’ - 2yx’ fan ¥ - 2z cos ¢ sin o(y + X' tan ¥')
(x' + s cos ¢ tan Y')cos ¢ tan ¥' + (y + 5 cos ¢)cos ¢ +(z + 5 sin ¢)sin ¢
2 2 o 2)1/2
((x'+scos ¢ tan ¢')° + (y + 8 c0S $)* + (z + s sin ¢) ]
(x' - s cos ¢ tan Y¥')cos ¢ tan ' + {y - s cos p)cos ¢ + (z - 8 sin ¢)sin ¢
[(x' - s cos ¢ tan xp')z +(y - scos ¢)z +(z - s sin ¢)2]1/2
_ y-scos ¢ 1- X' - s cos ¢ tan ¢’
2 2 1/2
(y - s cos ¢)° + (z - s sin §) [(xv s cos ¢ tan )2 + (y - 5 cos 6%+ (2 - s sin ¢)2J
. y+2scos¢ > 1- X' + 8 cos ¢ tan ' — (8)
v +scos ¢)° + 2 + s sin ¢) ((x‘+scos¢tmw')2+(y+scos ¢>)2+(z+ssin 4:)2]
and the sidewash velocity can be expressed as
(9)

T
V(X,Y,Z) = Z—ﬂ FV(X‘;y7Z,S’d/',¢)
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where the sidewash influence coefficient is

X' s8in ¢ - z cos ¢ tan Y

x)2 + (y sin ¢)2 + cos2¢(y2tan2y' + z2secy - 2yx’ tan ¥') - 22 cos ¢ sin P(y + x' tan ')

FV(X',Y,Z ’S:w'r¢) =

« (x' + 5 cos ¢ tan Y')cos $tan Y’ + (y + 5 oS p)cos ¢ + (2 + s sin ¢)sin ¢

[(x' +5c0s ptan ¥')2 + (y + 5 cos ¢)2 + (z + s sin ¢)2]1/2

_{x" - s cos ¢ tan ¢")cos ¢tan P' + (y - 5 oS $)cos ¢ + (z - s sin ¢)sin ¢

[ - scos ¢ tan ¥)2 + (v - 5 cos ¢)2 4 (z - s sin ¢)2]1/2

+ zZ - 3 sin ¢ 1- X' - 8 €05 ¢ tan Y’
(y - s cos ¢>)2+(z-ssin ¢>)2

[(x' -~ S cos ¢ tan :lz')2 +(y - 8 cos ¢>)2 +(z - 5 sin q&)z]l/2

- Z + 5 sin ¢ 1- X' + 8 OS5 ¢ tan Y' (10)
(y + s cos ¢)2 +(z + s sin ¢)2

[(x' + 5 cos ¢ tan xp')z +(y +5 cos ¢)2 +(z + s sin ¢)2]1/2
Then, by using equations (7) and (9) equation (6) can be rewritten as

L

4W(FW - Fy tan ¢) = Ua (11)

For a vortex lattice of N elements, equation (11) can be expressed for a particular con-
trol point by

3
i (Fw,n - Fy p tan ¢,>F“ = 470 (12)
n=1

For symmetrical aerodynamic loading on each half of the wing, equation (12) may be
expressed as

N/2
— — r
E (Fw,n - Fy , tan d’“)Fn = dna (13)
n=1
where
Fw,n = FW,n(x',y,Z’sylp'yd))lei‘t + FW’N_,_I_H(X"Y;zysaw"(p)right (14)
panel panel
and
fv,n = FV,n(x’:Y:Z,S,w':(p)left + FV,N+1-II(X”Y’Z’S’w"d))right (15)
panel panel
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Figure 1 shows the locations of elemental panels n and (N +1 - n). The matrix which
is solved by the program is then

— —_ r
[Fw,n,k - Fy nktan quJ {—6!—1} =47 {ak} (16)

where oy describes the local angle of attack in radians at the control point. For the
first solution, o, is that angle of attack due to twist and camber when the root-chord
angle of attack is zero; for the second solution, the angle of attack o, is 1 rad for all
the control points.

As previously mentioned, this program can be used to compute the rotary stability
derivatives Clp, Cm Q and CLq' This computation is accomplished by following the

method outlined in reference 17 where the values of the boundary conditions of the second
solution are changed to an equivalent quasi-steady-state rolling or pitching motion. For
steady-state rolling at zero angle of attack, the boundary conditions lead to a linear twist
whose angle variation across the span is

~

o (2) = % (17)

For this computation, if the tip angle pb/2U is specified to be 50, then equation (17) can
be written as

a —Pb/ff _-51r/§’ _
%(2) =55 \b/2> - 180\b/2> (18)

For pitching motion, the Y-axis is the center of rotation. It is recommended that the
perimeter points be specified so that the Y-axis coincides with either the center of gravity
or the wing quarter-chord. For steady pitching motion, the boundary conditions lead to a
parabolic camber as can be seen from

-gx -9z
2) = —— = — 19
0 (2) = 5 = (19)
Specifying that
q 57
2 =27 20
U 180 (20)
leads to
-51%
2) = —= 21
(2) 180 (21)
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If any of the rotary derivatives are to be computed, the program assigns zero values for
the (1) terms and the appropriate boundary condition values for the a(2) terms.

In addition to solving for the circulation, solutions for section induced drag and
leading-edge thrust are made at this point in the program by using a near-field approach.
A detailed description of this implementation is given in Part III, Section 3.

PART I — AERODYNAMIC COMPUTATION

The circulation terms TI},/U computed in Part IT are used in this part of the pro-
gram to compute the lift and pitching-moment data for planforms with dihedral. A sim-
plified procedure is used for zero-dihedral planforms. Then, the final form of the out-
put data is obtained and printed for both planforms.

The procedure described in Section 1 is used for planforms with dihedral and for
wing-tail planforms where the planforms are not at the same elevation. A special treat-
ment is needed for both types of planforms because there are local sidewash and back-
wash velocities in addition to the free-stream velocity. The interaction of these velocity
components with the spanwise bound vortex provides an additional lift force and the inter-
action of the sidewash with the chordwise bound vortex (that portion of the horseshoe vor-
tex trailing leg ahead of the wing trailing edge) results in another and new lift force.,
Because of the computation procedure used in Section 1, these types of planforms must
have a continuous variation in local chord from the wing tip to the wing root. As a result,
streamwise perimeter edges can only be used at the wing tip or tip of the tail for these
planforms.

Section 1. Lift and Moment Using Entire Horseshoe Vortex

The lift, pitching~-moment, and rolling-moment output data for planforms which have
a nonzero dihedral angle over any portion of the planform or for two planforms at differ-
ent elevations are computed here by using the local sidewash and backwash velocities in
addition to the free-stream velocity.

The procedure described herein for computing lift and pitching-moment data is per-
formed twice: first, for the circulation terms due to twist and camber and, second, for
the circulation terms due to an angle of attack of 1 rad. The lift, pitching-moment, and
spanwise center-of-pressure data are computed for all elemental panels in a particular
chordwise row; the procedure is then repeated for each chordwise row until the entire
left half of the wing has been taken into account. For each elemental panel, the lift devel-
oped along the left chordwise bound vortex is computed first and then the lift along the
spanwise bound vortex is computed. The Kutta-Joukowski theorem for lift per unit length
of a vortex filament is used to compute lift for wings with dihedral and is given by the
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following equation:
1=pvr ' (22)

The circulation and velocity values used in equation (22) by this computer program are
described in the discussion that follows.

The lift developed along the chordwise bound vortices in a chordwise row of horse-
shoe vortices varies from leading edge to trailing edge of the wing because of the longi-
tudinal variation of both the sidewash velocity and the local value of vortex strength. In
figure 3, it can be seen that there is no circulation along the chordwise bound vortex from
the leading edge of the wing to the quarter-chord of the first elemental panel. As a
result, no lift can be generated here.. On the chordwise bound vortex from the quarter-
chord of the first elemental panel to the quarter-chord of the second elemental panel,
there is a constant value of circulation and a varying value of sidewash velocity. A spe-
cial case occurs for the first elemental panel at the left wing tip; there the value of cir-
culation just equals that of the first elemental panel of the first chordwise row of horse-
shoe vortices. Inboard from the tip, this chordwise bound vortex lies between two chord-
wise rows of horseshoe vortices, and its circulation is equal to the difference between the
circulations of the first elemental panel of each row. The sidewash velocity used is the
one computed at the three-quarter-chord on the left chordwise bound vortex of the first
elemental panel.

The next lift to be computed is that developed along the chordwise bound vortex
between the quarter-chord of the second elemental panel and the quarter-chord of the
third elemental panel. This lift is computed in a manner similar to that of the first
horseshoe vortex but there are differences and these are now explained. At the left wing
tip, the sum of the circulation values of the first two elemental panels is used. Inboard
from the tip between two chordwise rows of horseshoe vortices, the circulation is equal
to the sum of the difference between the circulations of the first elemental panel of each
row and the difference between the circulations of the second elemental panel of each row.
The sidewash velocity used is the one computed at the three~quarter-chord on the left
chordwise bound vortex of the second elemental panel.

This procedure continues through the last elemental panel in a chordwise row.
However, the final chordwise bound vortex extends from the quarter-chord of the last
elemental panel to the trailing edge of the wing so that its length is equal to only three-
quarters of the length of the other chordwise bound vortices in the same chordwise row of
horseshoe vortices. The sidewash velocity described in the foregoing procedure is given
by the following equation:

21



N/2
-L ZFH o (23)

al<

Horseshoe vortex filaments or their extensions which go through the point at which
the velocity is being computed are eliminated in the computer program from equation (23)
since a line vortex filament cannot induce a velocity on itself. The lift generated along
an elemental length of chordwise bound vortex divided by free-stream dynamic pressure
and reference wing area is given by

~

It 2 AT

= ———— —— C¢

24
aSpef Sref U @)

al<

where AT is the local value of circulation as described in the preceding paragraph and
cc is the chord or elemental length of the chordwise bound vortex. No lift is computed
along the chordwise bound vortex at the root because the sidewash velocity is zero for
symmetric loading and geometry.

The lift along the spanwise bound vortex depends on the values of free-stream,
backwash, and sidewash velocities and on the circulation at the elemental panel. The
sidewash velocity is given by equation (23) and the backwash velocity is computed from

N/2
u _ 1 I'n—
v- 1 7 Fun (25)
n=1
where
-F-u,n = Fu,n(x',Y)z;S;‘p',qb)left + Fu’N+1-n(x':Y7z’sy‘p',¢)right (26)

panel panel

and the backwash influence coefficient is

Z cos ¢ -y sin ¢
()2 + (y sin ¢)2 + cos2¢(y2tany + 22sec2y - 2yx' tan ') - 22 cos ¢ sin ¢(y + x' tan ')

Fu(x')Y:z:s:w')‘p) =

(x' +s cos ¢ tan Y'jcos ¢ tan Y + (y + S cos ¢)cos ¢ + (z + 8 sin ¢)sin ¢

1/2
[(x' + S cos ¢ tan W')Z + (y + 8 cos ¢)2 + (z + s sin ¢>)2] /

_ (x' - 5 cos ¢ tan Y'}cos ¢ tan ¥ + (y - s cos ¢)cos ¢ + (z - s sin ¢)sin ¢ (2,7)

[(x' -5 cos ¢ tan )2 + (y - s cos $)% +(z - s sin ¢')2] v
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Equations (8), (10), and (27) represent an extension of the original formulation by Glauert
(ref. 16) for rectangular horseshoe vortices, the later formulation by Campbell (ref. 11)
for a spanwise vorticity filament with sweep, and the recent formulation by Blackwell
(ref. 12) for a rectangular horseshoe vortex with dihedral. In contrast, the present equa-
tions represent a subset of the formulation by Rubbert (ref. 3) in that the trailing legs are
constrained to the free-stream direction.

A spanwise bound vortex filament is shown in figure 4 and the lift generated along
this vortex filament comes from both the total axial velocity interacting with the compo-
nent of the vortex filament parallel to the Y-axis (2s cos ¢) and the sidewash interacting
with the component of the vortex filament parallel to the X-axis (2s tan Y cos ¢). The
expression for this lift divided by free-stream dynamic pressure and reference area is

-~

ls 2 r u\ v
= =(2s <1 - —) + = tan Y|cos (28)
quosref Sref U ) U U ¢

The contribution of the lift of the elemental panel to pitching moment is given by

m 1 X i X
Y S S + t t (29)

q,SrefCref 9. Sref Cref 9. Sref Cref

To get the total wing lift and pitching-moment coefficients, these terms are summed
over all the elemental panels which represent the wing in the following manner:

N/2/ . -
L ls b
c = -2 ) + (30)
UoSref 1 AooSret n oSref n
M N/2
m
Cm= =2 — (31)
Qoo refCref L \deoSrefCref N

There are two values for each of these quantities; one for the surface loading due to twist
and camber and the other for the surface loading at 1 rad angle of attack. From these
quantities, four output terms are obtained. The lift-curve slope per radian is the value
given by equation (30) (i.e., the lift coefficient at 1 rad angle of attack). The lift-curve
slope per degree is

L
Cy = 57.29578 (32)
Ly (qoosref>a
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The longitudinal stability parameter about the origin of the X-axis for the wing is given by

My )
8Cpm d.SrefCref/,

= (33)
3CL L >
q_Sref a

The pitching moment at zero lift is

M aC
Cm, = sY 'am ; (34)
d..Prefref C1, Qo ref
tc tc

The center of pressure in a spanwise direction is computed from the following

expression:

N/2

s,n t,n
n=1 q,Sref 2,0 M \QoSref 2,0 ’
Yep = :

P 1 L (9)
2\a,.Sref a 2

The span-load coefficients are obtained from the lift along the spanwise and chord-
wise bound vortices of each horseshoe vortex. Before converting the lift expressions to
span-load coefficients, a few basic definitions should be emphasized. The lift in equa-
tions (24) and (28) is lift in units of force developed over a span equal to the width of a
horseshoe vortex. Therefore, lift per unit length of span is

(35)

~

l
= 36
2s cos ¢ (36)

The span-load coefficient for an elemental panel is developed as follows:

Cicav CrCav wsref)CLzsn cos PCyy

c,C ("—l ’c S
OOC 7
rr _\d _ (q l \ ref 37)

where

5 (38)

CaV b
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and

_ Sref (39)
2sp cos ¢cgy
so that
c,C 2
l l T (40)

Crcay 9., Sref CL

At a particular spanwise location, each of these lifts are summed chordwise and converted
to span-load coefficients by the following equations: For lift along the spanwise bound
vortex filament,

)| -
c;C l
A R ) > 1 (41)
Creav)y  ;54\%Sref/; CL

For lift along the chordwise bound vortex filament,

c,C ] I
l t 1
=T E L (42)
Crc > < S )C
(Lawt i=1qoo ref/; “L

Figure 5 shows the spanwise distribution of the span-load coefficients obtained from equa-
tions (41) and (42) for a wing with dihedral. The results of these equations must now be
combined to get the final distribution. 1t is assumed that the span-load coefficient should
be zero at the wing tip, a result which cannot be obtained by direct combination of the
results of equations (41) and (42). Since the vortex-lattice procedure is a finite approxi-
mation for the continuous variation of circulation across the wing span, each value of cir-
culation represents the average value over the width of one horseshoe vortex. For this
calculation, it is assumed that the circulation terms or span-load terms are correct only
at the center of each row of horseshoe vortices. The lift along the spanwise bound vorti-
ces is computed here and is used directly; whereas, the lift along the chordwise bound
vortices is interpolated linearly to determine its value at the midpoint of each row.

These two values of lift are then combined as illustrated in figure 5 to give the final span-
wise distribution of span-load coefficients.

In order to determine the damping-in-roll parameter of wings with dihedral, the lift
distribution which results from the antisymmetrical span loading must be combined with
the appropriate spanwise moment arm. This combination can be expressed as
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N/2 N/2

2 > A Ll
C,=—~5— Z(ltyt + Z Is¥g (43)
l qooSI'Efb n=1 )n l’l=1< )n
and, thus,
aC C
p 5 pb 57/180
2U,

Section 2. Lift and Pitching and Rolling Moments Using Only Spanwise Filament
of Horseshoe Vortex

The computation of the lift, pitching-moment, and rolling-moment output data for
wings which have no dihedral over any portion of the wing is described in this section.
All the lift is generated by the free-stream velocity crossing the spanwise vortex fila-
ment since there will be no sidewash or backwash velocities. For a single elemental
panel, the lift per unit length of vorticity is

{'=pUT cos ¥ (45)

Since the length of vorticity is 2s/cos y, the resultant lift is given by

s~ 28
= 4
=1 cos ¥ (46)

Then, the lift per unit of span is defined by

L. pur (47)

L =_2_% (48)

ac _ z 1 49)
Cav  \dCav);
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The total lift coefficient is obtained by integrating the lift over the span as given by

S 1¢e 5
Cp=— g L gy (50)
Sref 0 caV b/2

or approximately by

T Sn (51)

The lift-curve slope per radian is obtained from a lift coefficient based on the circulation
terms obtained at 1 rad angle of attack.

The longitudinal stability about Y-axis is given by

N/2
Tan.
Xs,nSn
8C -
m__1 n=1 (52)
9Cy1, Cref N/2
Tan
H
Z U °n
n=1
The pitching moment at zero lift is
N/2 r
_ 8 Z te,n 4 _8Cnm
Cmo = crefsref U XS’nSn BCL CL,tC (53)
n=1
The center of pressure in a spanwise direction is
N/2
I'yn -
z —u Ys,n°n
. _ 1 n=1
Tan
T °n
n=1
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The span-load coefficient is

Clc _ i 1 (55)
Crcav N/2
'y
2/, 7 5o
n=1

The same procedure used to compute the damping-in-roll parameter for wings with
dihedral can be used to compute Clp for zero-dihedral wing planforms except that the

contribution of the chordwise bound vortex is eliminated. Thus, equation (43) becomes

N/2
2 1) )3
C,=—= 2|=] y5 n2s (56
L A, Srefb Uns’n n )
n=1
and likewise
C,
Cp = (57)
P 57/180

Section 3. Output Data Preparation

This section of the program is used to compute the last portion of the data listed in
the final output. These data include the damping-in-pitch parameter, the lift coefficient
due to pitch rate, the induced drag parameter, the angle of attack for zero lift, the angle
of attack for the desired lift coefficient, the basic span load distribution, and the addi-
tional span load distribution.

The pitch derivatives can be computed by using the vortex strengths obtained with
the boundary condition values which represent a constant pitching motion. These vortex
strengths are employed to compute Cp, and Cp Wwhich, in turn, are used as follows:

3Cp _ Cm

o ~ 58
Mq qc) 57 Cref 8
5G] 180 2
and
aC C
Cp =— i n T (59)
K ac)  5m_ Cref
50 180 9
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In this paper, induced drag parameters are computed by both far-field and near-
field methods. The far-field method is based on the lifting-line concepts employed in
the Treffetz plane by Munk and the induced drag parameter thereby obtained can be
expressed mathematically as

Cp,i__ v? 1
CL2 CLzsref -1

vo; dn (60)

This equation has been reformulated by Multhopp using, in part, his quadrature formula
and is programed here in the form presented by equation (146) in reference 18. Equa-
tion (60) can give good results for wings without dihedral but should be used only as a
guide for wings with dihedral, since no vertical displacement of the span loadings is
taken into account. For wings having dihedral, a method such as that developed in ref-
erence 19 or the near-field method should be used to compute the induced drag. Even for
wings without dihedral, good results can only be expected for the far-field method when a
large number of chordwise rows of horseshoe vortices are specified since the interpo-
lating procedure chosen to represent the variation of 7y with sin~ 177 was a linear
curve fit between consecutive pairs of data points. This curve fit requires that a suffi-
cient number of data points be available near the wing tip where the gradient of the

v - sin” 117 curve is the greatest.

The near-field computation for the induced drag is based on combining for each
elemental panel the lift and leading-edge thrust as follows:
dij Pt

— = —— - — 61
qoo A4 Y9 ( )

where the lift per unit of span 1/q, is computed by equation (48) for planforms without
dihedral and by equations (24) and (28) for planforms with dihedral. The leading-edge
thrust per unit of span is computed by using the Kutta-Joukowski theorem where the

induced and free-stream velocity components parallel to the Y-Z plane interact with the
spanwise bound vortex filament as follows:

—t—=-2(y--y-tan¢ -a(—I:) (62)
qoo U U \8 a,rad

There is no contribution of the chordwise bound vortex filaments to the leading-edge
thrust. In contrast, however, there is a contribution of the lift due to the chordwise
bound vortex filament included in the induced drag term. (See egs. (6) and (24).) It
should be noted that this equation is evaluated at an angle of attack of 1 rad and that the
circulation used is the one due to the additional loading only.

29



These results are then summed along each chordwise row to get the following sec-
tion leading-edge thrust:

ciC
1Y (e
b 2b (q ) (63)
1
From equation (63) the section suction coefficient is computed as
cgC th
E (ﬁ cos & (64)
Then, the section induced drag for a chordwise row of horseshoe vortices is
Ca,i® /e \ T\ La cye

rad
- L 65
2b \chav/ 2bSt 2b (69)

Finally, the near-field solution for the induced drag parameter is

Ng

Cp Cy::C

D,ii _ 4b Z( d,ii ) 26y coS ¢ (66)

c. 2 c. 2 2b /)
L Sref( La) k=1

rad

In addition, the leading-edge thrust and suction coefficients are computed similarly as

Ng
C 2 Z <c,tc> 2sy cos ¢ (67)
T3 o | <5k
Sref 21 \2b /k k
and
N
s
2 CsC
Cg = Sicr Z oy 2sy cos ¢ (68)
ref = Kk

The angle of attack for zero lift is computed by

C
_—L,tc (69)
CLa

The angle of attack required for the additional loading and basic loading combined to pro-
duce the input value of the desired 1ift coefficient is

30



oy =234 g (70)

The basic load due to twist and/or camber is the load on the wing when the lift
coefficient is zero. This load is obtained {rom the values of clc/cav for each elemen-
tal panel as follows:

e, e
docCav)y duCavy, q,.Cav A Cr,a

Equation (71) is then summed for each chordwise row for the span load distribution of
basic load to give

j
_z_> _ L 72

The span load distribution at the input value of desired lift coefficient is

i
c,c c,c\ C

), Sk, 2
av/q \Cav/p 1 d.Cav j,a Lna

i=

In addition, the span load distribution c¢;c [C L,7Cav and local lift-coefficient ratio
c; /CL,'r are listed where the lift coefficients are based on the lift due only to additional

loading and the total lift coefficient CL,'r is based on the true planform area Ss. Also
listed is the distribution of local chord ratio c¢/ Cay-

The incremental pressure coefficient is defined as

(plower =P upper)n

Acp’n = qco (74)
Since the pressure is assumed to be uniform over an elemental panel,
(e/e),

which is used in the program. For planforms without dihedral, equation (75) can be
expressed as
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ACpp=—otB=2 2 (76)
00

EFFECT OF VORTEX-LATTICE ARRANGEMENT ON COMPUTED
AERODYNAMIC CHARACTERISTICS

Several sets of lifting-surface planforms have been investigated to determine the
effect of the vortex-lattice arrangement on the computed aerodynamic characteristics.
The first four sets of planforms had two prescribed leading-edge sweep angles in com-
bination with three different taper ratios for aspect ratios of 2, 4.5, and 7. Calculated
results for these planforms show that for different vortex-lattice arrangements, smaller

- 2
variations of Yep and CD,i /CL are produced than of Cj, & C / 8Cp,, and
CD,ii /CLZ. The variation of Yep with vortex-lattice arrangement is presented for
unswept wings of taper ratio 1.0 in figure 6. These data indicate that increasing T\I-s
leads toward converging results for yc, for all Ne.
The variations of Cy, BCm/acL, CD,i/CLz, and CD,ii/CL2 with vortex-

lattice arrangement are presented in figure 7 for unswept planforms with a taper ratio
of 1.0 and in figures 8 to 10 for planforms with a leading-edge sweep angle of 45° and
taper ratios of 1.0, 0.5, and 0, respectively. These data indicate the following conclu-
sions. A spanwise increase in the number of chordwise rows of horseshoe vortices Ng
leads to converging answers. For these simple planforms, the ﬁs required for con-
vergence of CLa to a particular value is sufficient for convergence of 3Cy, /8CL and
CD,i/CL2 and should be 20 or larger. Also, the computed values of CLa’ 8Cm/3CL,
and CD,ii CL2 in most instances have a definite dependence upon Ng¢. In particular,
ﬁc controls the asymptotic levels that these aerodynamic characteristics attain with
varying Ng. These asymptotic levels approach 'a converged result when f\fc is
increased. Differences between asymptotic levels which occur for consecutive N val-
ues decrease with increasing ﬁc and the largest difference in asymptotic levels is
obtained by increasing -ﬁc from 1 to 2. Therefore, an T\I-c value of 2 should be the
minimum used. Higher values of N have little effect on CLa; however, increasing

T\fc to 4 or more can provide additional improvement in 8Cy, / 8Cy, and CD,ii /CLZ. In
contrast, the calculated results indicate that N has little effect on CD,i /C L2' The
asymptotic levels of CD,i /CL2 and Cp jj /CL2 when Ng is greater than 20 can be
compared with those of 1/7A. This comparison shows that Cp j /C L2 converges to a
value greater than 1/7A, as expected, whereas CD,ii /CL2 converges in a less uniform

manner to a value less than 1/7A.
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Since CD,ii /CL2 is computed by using equations (65) and (66) which are based on
¢t and ¢, these results indicate that c¢¢ may be overpredicted. However, a compari-
son can be made in figure 11 between the distribution of section thrust computed for an
A = 4 delta wing by the vortex-lattice and Wagner's (ref. 14) methods. It can be seen
that the resulting magnitudes predicted by the two different methods compare closely in
general shape and lead to comparable overall thrust results. From additional computer
studies it has been found that the N¢ = 10 and Ng = 12 pattern used for the results
shown in figure 11 also provides reasonable results for other delta wings. The large
number of chordwise stations is necessary on such wings so that the effect of the induced
camber loading can be properly taken into account. Although the correct thrust coeffi-
cient can be obtained from the far-field induced drag and lift-curve slope directly, only
by finding the appropriate combination of ﬁc and Ng will the induced-drag results be
the same for both methods. This check provides a method by which the correct distribu-
tion of section thrust can be obtained. The results presented in figures 7 to 10 show how
difficult it is to make this check even for some simple planforms.

To determine the effect of vortex-lattice arrangement on Clp’ Cm Q and CLq,
additional computer studies were made with a cropped double-delta planform having an
inboard leading-edge sweep angle of 839, an outboard leading-edge sweep angle of 620,
and an aspect ratio of 1.49. Results of these studies showed two trends. For estimating
Clp, a large value of Ng is desired with at least two horseshoe vortices (Ne) in each

row. For estimating Cmq and CLq, a large value of 1_\1-(; (8 or more) is desirable
with a nominal value of Ng of 8 or 10.

A final set of computer studies were made with the wing-body-tail configuration
illustrated in sample cases 2, 3, and 4. The aerodynamic characteristics were computed
for this complex configuration by using 92 different vortex-lattice arrangements which
had a total number of vortices on a semispan ranging from 17 to 120. Results showed
very little variation of Cjp, » Yep and Cp i /CL2 with changes in the vortex lattice.

However, there is a very significant variation in 8Cp / aCy, (fig. 12). Two different
types of vortex patterns were employed to produce these variations. The first type used
uniform values of N¢ at each row of horseshoe vortices on the wing-body and on the
tail. These N values were used in combination with three values of Ng. The results
with uniform distribution of Nc reveal a large variation of 3Cpm /8CL with increasing
Ne. These results can be shown, by cross-plotting, to be similar to those in figure 7
because increasing Ng for a given value of Nc has little effect on 9Cm /BCL but

increasing N caused noticeable changes between asymptotic levels of 3Cm / 8Cy, for
all values of Ng considered, especially at the smaller values of N¢. The second type
of vortex pattern used uniform values of T\I-c on the outboard wing panel and outboard
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tail panel and then used an increased density of elemental panels on the inboard portion
of the planform. The increased density is illustrated in the input data for sample case 2.
The purpose of these additional inboard elemental panels was to make their chords more

uniform. This type of vortex pattern virtually eliminated the variation of 8C
with N,.

m/oCy
These computed results agree with unpublished experimental data for this

configuration to within 0.01x/cpef and indicate that good results can be obtained for
complex planforms with large changes in chord by arranging the pattern of elemental
panels so that the largest panel chords are no more than two to three times the smallest

panel chords.

SAMPLE CASES

Sample cases have been prepared to illustrate most of the program options avail-
able. Sketches of the sample cases along with corresponding input data and output data
listings are provided in appendix C. The sample cases are as follows:

Sample case

1

Configuration

70

13
113

110

15

215

315

Description

Fixed sweep wing with dihedral and twist and
camber

Wing-body-tail combination with variable ﬁc

Wing-body-tail combination with variable ﬁc
and tail incidence of -10°

Wing-body-tail combination with variable sweep
of wing outer panel

Cropped double-delta wing with variable ﬁc and
twist and camber to illustrate drag polar option

Cropped double-delta wing to illustrate Clp
computation

Cropped double-delta wing to illustrate C Lg
and Cmq computation

CONCLUDING REMARKS

Page
46

48
48

48

50

50

50

A FORTRAN computer program for estimating the aerodynamic characteristics of
lifting surfaces in subsonic compressible flow has been described along with the input and
output variables. Also, a detailed description of the program organization and programed

equations has been given. The program has been used to compute the aerodynamic
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characteristics for several configurations that were selected to show the range of plan-
forms to which the program may be applied. In addition, results from parametric studies
of the effects of vortex-lattice arrangement on some of the computed aerodynamic char-
acteristics are presented. From these results, the following recommendations are pro-
vided as guidance in determining the number of spanwise rows of horseshoe vortices and
the number of horseshoe vortices chordwise in each row to use to represent a simple
wing planform or to represent a more complex planform such as a wing-body-tail
combination:

1. For simple planforms, (a) use at least 20 spanwise rows and four horseshoe
vortices chordwise for good values of Cp,, BCM/GCL, Ycps and CD,i/CLZs and
(b) use a vortex-lattice arrangement which gives similar answers for Cp j and Cp jj
inasmuch as a desirable vortex-lattice arrangement for good values of CD,ii, CT, and
Cg is difficult to determine because it is very dependent on the planform.

2. For a rolling planform, use a large number of spanwise rows and at least two
horseshoe vortices chordwise.

3. For a pitching planform, use eight to 10 spanwise rows and eight or more horse-
shoe vortices chordwise.

4. For wing-body-tail combinations, use at least 10 to 15 spanwise rows and vary
the number of horseshoe vortices chordwise so that the local panel chords differ by no
more than a factor of 2 to 3 from the smallest to the largest.

Langley Research Center,

National Aeronautics and Space Administration,
Hampton, Va., October 28, 1970.
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APPENDIX A
INPUT DATA
GROUP ONE

The input data required for the reference planform is described in the order that it
is called for by the computer program. All coordinates and slopes should be given for
the left half of the wing planform. The axis system used is given in figure 1. The y =0
intercept coincides with the root chord and is positive pointing along the right wing.
Although the X =0 intercept usually coincides with the intersection of the leading edge
at the root chord, it may lie anywhere along the root chord; X is positive pointing into
the wind. All the cards use a format of (8F10.6) for group one data.

Data for the first card are to be supplied in the following order:

PLAN Number of planforms for the configuration; use 1 or 2
TOTAL Number of sets of group two data specified for the configuration
CREF Reference chord of the configuration

This chord is used only to nondimensionalize the pitching-
moment terms and must be greater than zero.

SREF Reference area of the configuration
This area is used only to nondimensionalize the computed output
data such as lift and pitching moment and must be greater than
Zero.

The data required to define each planform are then provided by a set of cards. The
initial card in this set is composed of the following data:

AAN (IT) Number of line segments used to define left half of a wing
planform (does not include plane of symmetry)
A maximum of 24 line segments may be used.

XS (IT) x location of the pivot; use 0 on a fixed wing
' The axis system used is given in figure 1.

YS (IT) y location of the pivot; use 0 on a fixed wing

RTCDHT (iT) Vertical distance of particular planform being read in with
respect to the wing root chord height; use 0 for a wing
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The rest of this set of data requires one card for each line segment used to define
the basic planform (variable AAN (IT)). All data described below are required on all
except the last card of this set; the last card uses only the first two variables in the fol-
lowing list:

XREG (I, IT) x location of ith breakpoint
The first breakpoint is located at the intersection of the
left wing leading edge with the root chord. They are num-
bered in increasing order for each intersection of lines in
a counterclockwise direction.

YREG (I, IT) y location of ith breakpoint

DIH (I, IT) Dihedral angle (degrees) in Y-Z plane of line from break-
point i to i+ 1; positive upward
Along a streamwise line, the dihedral angle is not defined;
use 0 for these lines.

AMCD The move code
This number indicates whether the line segment i is on
the movable panel of a variable-sweep wing. Use 1for a
line which is fixed or 2 for a line which is movable.

GROUP TWO

Three sections of data may be used for group two data. The first section must
always be included; it is a single card which describes the details of the particular con-
figuration for which the loading is desired. This card requires a format of (8F5.1,
F10.4, F5.1, F10.4). The second section is required when the number of horseshoe vor-
tices used in each chordwise row is not the same; it consists of two or more cards. The
third section is used when the wing has a twist and/or camber distribution and may con-
sist of up to 15 cards, depending on the number of horseshoe vortices. The cards in the
second and third sections use a format of (8F10.4).

Section one data are to be supplied in the following order:

CONFIG An arbitrary configuration number which may include up to four
digits
SCW The number of chordwise horseshoe vortices to be used to

represent the wing; a maximum value of 20 may be used

If set to 0, then a table of the number of chordwise horseshoe
vortices from tip to root must be provided as TBLSCW (I).
This SCW =0 option can be used only on wings without
dihedral and for coplanar wing-tail combinations.
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VIC

MACH

CLDES

PTEST

QTEST

TWIST (1)

SA (1)

APPENDIX A

The nominal number of spanwise rows at which chordwise
horseshoe vortices will be located
The variable VIC must not cause more than 50 spanwise rows
to be used by the program to describe the wing. In addition,
the product of SSW and SCW cannot exceed 120. If SCW is 0,
then the sum of the values in TBLSCW (I) cannot exceed 120.
The use of the variable VIC is discussed in detail in Part I,
Section 3 of the Program Description.

Mach number
Use a value other than 0 only if the Prandtl-Glauert compres-

sibility correction factor 8= \jl - M(,o2 is to be applied. It
should be less than the critical Mach number.

Desired lift coefficient
The number specified here is used to obtain the span load
distribution at a particular lift coefficient. If this answer is
not required, use 1 for this quantity. If a drag polar for Cp
values from -0.1 to 1 is desired, use 11 for this quantity.

VClp indicator

If the damping-in-roll parameter is desired, use 1 for this
quantity. Except for the incremental pressure coefficients
and Clp, all other aerodynamic data will be omitted. Use 0
if Clp is not desired.

CLq and Cmq indicator
If these stability derivatives are desired, use 1 for this quan-
tity. Except for ACp, CLq, and Cmq, all other aerody-
namic data will be omitted. It should be noted that both
PTEST and QTEST cannot be set equal to 1 for a particular
configuration. Use 0 if CLq and Cmq are not desired.

Twist code for first planform
If this planform has no twist and/or camber, use a value of 0.
When this planform has twist and/or camber, use a value of 1
for this code and provide data for section three.

Variable-sweep angle for the first planform
Specify leading-edge sweep angle (degrees) for the first mov-
able line adjacent to the fixed portion of the planform. For a
fixed planform, this quantity may be omitted.



APPENDIX A

TWIST (2) Twist code for the second planform
SA (2) Variable-sweep angle for the second planform

Section two data are required if SCW is 0. Data for the first variable go on the
first card and data for the second variable go on the second and following cards. The
data to be supplied are

STA Total number of spanwise rows of horseshoe vortices per
semispan
This variable sets the number of values of TBLSCW (I) to be
read in.

TBLSCW (I) Number of horseshoe vortices in each row starting at the row

near the tip of the first planform and proceeding to the row
near the root

If a second planform has been specified, the table of chord-
wise rows concludes with number of horseshoe vortices in
each row of the second planform. For an example, see
sample case 2.

Section three data are described as follows: If the configuration has no twist
and/or camber, the local angles of attack are not specified since the program will set
them equal to 0. If the configuration consists of two planforms, local angles of attack
may be specified for both or only one of the two planforms. The twist code describes
the input to the computer.

ALP (NV) Local angles of attack in radians
These are the values at the control point for each horseshoe
vortex on the wing when the root-chord angle of attack is 0°.
These data will usually require several cards. For the first
value on the first card, use the local angle of attack for the
horseshoe vortex nearest the first planform leading edge at
the tip; for the second value, use the angle of attack for the
horseshoe vortex immediately behind in a chordwise direc-
tion. Continue with the rest of the chordwise row of horse-
shoe vortices at the tip; then continue inboard at the next
chordwise row in the same manner to the root until local
angles of attack for all the control points have been specified.
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OUTPUT DATA

The printed results of this computer program appear in two sections: geometry
data and aerodynamic data.

GEOMETRY DATA

The geometry data are described in the order that they are found on the printout.
The first group of data describes the basic planform: It states the numbers of lines used
to describe the planform, root chord height, and pivot position and then lists the break-
points, sweep and dihedral angles, and move codes. These data are a listing of the input
data except for the sweep angle which is computed from the input data.

The second group of data describes the particular planform for which the aerody-
namic data are being computed. Included are the configuration number, the sweep posi-
tion, a listing of the breakpoints of the wing planform (X, ¥, and %), the sweep and
dihedral angles, and the move codes. These data are listed primarily for variable-sweep
wings to provide a definition of the planform where the outer panel sweep is different
from that of the reference planform.

The third group of data presents a detailed description of the horseshoe vortices
used to represent the planform. These data are listed in nine columns with each line
describing one elemental panel of the wing in the same order that the twist and/or cam-
ber angles of attack are provided. (See ALP (NV) in appendix A.) The following items
of data are presented for each elemental panel:

X C/4 x location of quarter-chord at horseshoe vortex
midspan

X 3C/4 x location of three-quarter-chord at horseshoe vortex
midspan

This is the x location of the control point,

Y y location of horseshoe vortex midspan
Z z location of horseshoe vortex midspan
S Semiwidth of horseshoe vortex

C/4 SWEEP

ANGLE Sweep angle of quarter-chord
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Dihedral angle of elemental panel
Local angle of attack at control point (X 3C/4,Y,Z)

ACp for each elemental panel when wing lift is CL,d

The fourth group of data presents the following geometric data:

REF. CHORD
C AVERAGE
TRUE AREA

REF. AREA
B/2

REF. AR

TRUE AR

MACH NUMBER

Reference chord of wing
Average chord (true planform area divided by true span)

True area computed from planform listed in second
group of geometry data

Reference area

True semispan of planform listed in second group of
geometry data

Reference aspect ratio computed from reference plan-
form area and true span

True aspect ratio computed from true planform area
and true span

Mach number

AERODYNAMIC DATA

The aerodynamic data are described in the order that they are found on the print-
out. Note that CLO,’ CL,Twist’ BCm/BCL, Cmy» CD,i/CLZ’ and CL,d are based on

the specified reference dimensions.

DESIRED CL

COMPUTED ALPHA

CL(WB)

Desired lift coefficient specified in input data for
complete configuration

CL,d/CLO[ angle of attack where desired lift coeffi-
cient is developed

That portion of desired lift coefficient developed by
the planform with the maximum span when two
planforms are specified
When one planform is specified, this is the desired
lift coefficient.

41



CDI AT CL(WB)

CDI/(CL(WB)**2)

1/(PI*AR)

CL ALPHA

CL(TWIST)

ALPHAATCL =0

Y CP

CM/CL

CMO
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Induced drag coefficient for lift coefficient in previous
item
When two planforms are specified, this is the
induced drag coefficient of only the planform with
the maximum span. This result is based on the
far-field solution (see Part III, Section 3).

Induced drag parameter computed from the two pre-
vious items

Induced drag parameter for an elliptic load distribu-
tion based on reference aspect ratio

[Lift-curve slope per radian

Q_,ift-curve slope per degree
Lift coefficient due to twist and/or camber at zero
angle of attack

Angle of attack at zero lift in degrees
Nonzero only when twist and/or camber is specified

Spanwise distance in fraction of semispan from root
chord to center of pressure on left wing panel

Longitudinal stability parameter based on a moment
center about Y-axis

Pitching-moment coefficient at Cy, =0

At each chordwise row of horseshoe vortices the following data are presented:

2Y/B Location of midpoint of each chordwise row of horseshoe vortices
in fraction of semispan locations are listed sequentially from near
left wing tip toward root

The next two columns of data describe the additional (or angle of attack) wing loading at a
lift coefficient of 1 (based on the total lift achieved and the true wing area).

SL COEF
CL RATIO
C RATIO

LOAD DUE
TO TWIST

42

Span-load coefficient, clc/ Crcav
Ratio of local Lift to total lift, ¢;/Cy,
Ratio of local chord to average chord, c¢ /Cav

Distribution of span-load coefficient due to twist and

camber at 0° angle of attack
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Distribution of additional span-load coefficient required
to produce zero lift when combined with lift due to
twist and camber
This distribution is computed at Cy, .

Basic span-load-coefficient distribution at zero lift
coefficient
These data are the sum of the previous two columns
of data.

Distribution of combination of basic span load and
additional span-load coefficients at desired Cj,

Portion of span-load coefficient due to lift along chord-
wise bound vortices averaged at horseshoe vortex
midspan

In addition, at each chordwise row of horseshoe vortices, the following data are
presented for induced drag, leading-edge thrust, and suction coefficient characteristics
computed at an angle of attack of 1 rad from a near-field solution for the additional

loading (see Part III, Section 3).
L. E. SWEEP ANGLE
CDII C/2B

CT C/2B
CS C/2B

Ccbhn

cT

CS

Leading-edge sweep angle in degrees

Nondimensional section induced-drag-coefficient
term

Nondimensional section leading-edge thrust-
coefficient term

Nondimensional section leading-edge suction-
coefficient term

Contribution to total drag coefficient from each

spanwise row of horseshoe vortices,
¢q,ii(2s cos ¢)/(qoosref>

Contribution to total leading-edge thrust coeffi-
cient from each spanwise row of horseshoe
vortices, c(2s cos ¢)/ (qooSref)

Contribution to total suction coefficient from each
spanwise row of horseshoe vortices,
cg(2s cos ¢) / (quref)
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Finally, the total coefficient values are listed.

CDII/CL**2 Induced-drag parameter computed from near-
field solution

CT Leading-edge thrust coefficient computed at
1 rad angle of attack

CS Leading-edge suction coefficient computed at
1 rad angle of attack

THIS CASE IS FINISHED End of output for a particular configuration

For the case where PTEST is 1, all the foregoing aerodynamic output data are

omitted and only CLP is printed.

For the case where QTEST is 1, all the foregoing aerodynamic output data are

omitted and only CMQ and CLQ are printed.
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SAMPLE CASES

Input data, sketches, and output data for the sample cases described on page 34 are
presented in the following order:

Sample case

1
1
2,3,4
2,3,4
5,6,7
5,6,7

-] Gy U1 W W DN

Configuration

70
70
13,113,110
13,113,110
15,215,315
15,215,315
70
13
113
110
15
215
315

Item

Input data
Sketch
Input data
Sketch
Input data
Sketch
Output data
Output data
Output data
Output data
Output data
Output data
QOutput data

Page

46
47
48
49
50
51
52
59
67
74
80
86
89

These sample cases reflect the fact that the central processing time for a case is
generally proportional to the square of the number of horseshoe vortices used to repre-
sent the left half of a planform. Some typical times for the sample cases with a Control
Data 6600 computer system are as follows:

Sample case Number of horseshoe vortices Time, sec
1 100 62.6
2 89 28.7
3 89 28.17
4 52 7.4
5 61 12.1
6 57 9.0
7 96 34.8
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Configuration for
Sample Case |

AX
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Configuration for
Sample Cases 2and 3

Pivot

APPENDIX C

Configuration for
Sample Case 4
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Configuration for
Sample Cases 5,6 and7

51



APPENDIX C

00000°0 0000L*LTT1- 6
1 00000°0 oooo0"C 0002€*21~ 0000L°LT1T- 8
1 00020°5 1Y%96° 1% 00061°2L1- oo000s*121~- L
1 00030°*s 00000°0 000%8° 1€~ 0000s*121- 9
1 00009"52 00000°0 00095" 06— 0000s°121- S
T 00000°D 00000°06 00096°0G6— ODETE"6T1T-
1 00000°5¢ €6619°L9 000%8° e~ 000s8°¢€L~ €
1 00000°5 026%9°%9 0002¢°21— 00022°0E - 4
1 00000°2 91L»1°89 00000°0 00000°0 1
3002 IIONY 3IONY 434 33%
3A0N avda3dla d33MS A X INIDd
WEJINVId 3ON3YISIW 3HL ¥03d SAINIOG NvIne
00000*0 = (S)A 00000°0 = (S)X NOILISOd 10Ald d33MS IT1BVIUVA 00000°0 = LH913H QB¥OHD 100Y¥

SIAYND 8 SVH WHOJNVId 3INIYI43Y

viva AY13W039

52



APPENDIX C

MOY 3SIMIUOHD HIVI NI S$S3I71130A 3OHS3ISYOH 01

01 001

ISIMNVdS vict

1

WYOINYId

NOIAVYNOIINDD 3HL 40 JIVH 1437 3HL NO G3SN $3D11¥0A JOHSISUOH 001

o el el d ot =t 4

34092
3A0W

1

00000C*0 00000°0
00000°% 19%96° 1%t
00000°¢% 00000°0
00000°s2 00000°0
00000°0 00000°06
00000°s2 €6619°L9
00000°S 026%9°49
00000°0 91.41°89
ERbLL ITINV
Tv¥a3HID d33MS

NOTLVvdINOI4NDD STHL

WY0JINYId NO S33¥930 91L%1°89

0L

00000°0 00000°0

00000°0 0002¢"21-
109Z% "~ 00061°L1-
9210L1°1- 000%8° 1¢c—
90LEY 0T~ 00095705~
90LEY 01— 0009505~
8LL0L°1- 000%8° 1€~
00000°0 000Ze°21~
00000°0 00000°0

z

¥0J SINIOd YHv3Iue

1d3MS SI T

*ON NOI1VdN9Id4NOD

3AYND

0000L*LTT~
0000L°L11~
0000S* 121~
0000S" 1T~
00006* 121~
OOETE" 611
000S8" €l -

0002L°0t~

00000°0

- IN O~

INIOd

53



APPENDIX C

9%810"°- 006€E0°~
62ZL0" 006€0 "~
119g2*¢ 006€0°~
16510° - 008e0°—
£6110"°- 008¢0°~
06500° 008€0° -
11210° 008eC°*~
09%¢0* 008€0°~
60620° 008e0°~
80t€0° 008¢€0°—
01es0° 008€0°~
84102* 00B€E0 "~
L888%"¢ 008e0°~
99%¢0 " - 009¢0°~
121€0°- 009€0°~
91610°- 009€0°~
$0e10*- 009€0° -
L9600°~ 009¢0°~
See00°- 009e0*~
Lo%10" 009¢0°—
$0e90°" 009€0°~
T6022"° 009¢0" -
010%¢2"¢ 009¢€0°-
Ze1e0” 000€0°~
6eL1It” 000e0°—
42625° 000e0°-
62190° 000t0°—
92¢91° 000e0°-
189%¢*" 000€0°~
LO%0% " 000e0°~
L1596"° 000€0 " -
40689 ° 000€e0°~
8609L°01 000e0°~
ooooZ* = 17 SNVIOVY NI

03¥IS30 1V 43 V1130 VH4IV VIO

00000°s2
00000°s¢
00000°s2
00000°5¢
0000092
00000°52
00000°s2
00000°s¢
00000°G¢
00000°"s2
00000°62
00000°*se
00000°52
00000°s2
0Cc000°%¢
00000°s2
00000°*S2
00000°%2
00000°%2
00000°52
00000°52
00000°52
00000°5¢
00000 °s2
00000°s¢
00000°s2
00000°s2
00000°s2
00000°s2
00000°s2
00000°62
00000°52
00000°5¢

30NV
IV¥A3IHIC

G31NdWOD 3¥V SINIIJIT43300 IINVNAODY3IV TWNIGNLIONDI I11viS

L1esetL9
¢B%39°69
BLESS"TL
¢95T10°ET
L1D%€"82
19€8Z°0%
EO0EET*6Y
629%99°5s
159609
BYL2¢"Y9
L1e82°19
c8%59°69
8LEGS°TL
Z9510°¢€1
LL09¢€°82
19€82°0%
C0EET 6y
6Z%39°%¢
%1595°09
8YLZE"Y9
L1EBZ*L9
289%59°69
BLESS 1L
29510°¢1
110%€*82
19€82°0%
€0EET 6%
6Z%39%6%
#1596°J9
B%LZE"%»9
L1€32"L9
28959°69
BLESG 1L

319NV
d33MS %/

oL

$9L18°2
99118°¢
%9L18°¢
cee0s ¢
2¢€08°2
ZEE06°¢
2¢€06°2
2eE0s°2
ZEE0S°2
2ee0s 2
cte06°¢
£e0s°2
2eE0s°¢
2€€05°¢
2€E0S "2
2€€06°2
2ee0s°¢
ZEE0S°¢
ZEEOS "2
2EE0s°2
2e€05°2
CEEOS "2
ZEE0S°¢
2ee0s°Z
2eE05°¢
2e€0s5°2
2gg0s°¢
ZEE0s°2
2ee0s°Z
2¢€05°2
2e€0s°¢
2EE06°2
2eE0s 2

S

Ls86B*C-
L586B°2-
L5868°Z~
TeLv1°5~
TeELHT 65—
1€L%1°5-
TELH1°5-
TELHT G~
TeELHT S~
TeLyT1°5-
TeELYT G~
TeELHT1°6~
TELHT1°6~
12€92°L-
12e92°L~
12€92°1~
12€92°L-
12¢92°L~
12e92°L-
12¢€92°21~
12¢92°L-
12€92° 1~
12€92°L—
1162E°6~
116L€°6-
1T6LE°6-
1162€°6~
1161€°6-
T16L€°6~
116L€°6-
1162€76~
116L€°6-
1162€°6—

"ON NOI1VYH¥NOI4NOD

VivVG JI1WVNAGDY3V

G9E6ETHE~
59¢€6E°YE~
S9ELEHE-
60912 6¢—
60912°65¢-
6091Z2°6€-
60912 6¢—
60912"6E~
60912"6¢~
60912°hE~
60912 6¢ -
609126~
60912 6¢~
$9ESL°EY -
GESL T EY~
S9ESLEY~
S9tSL e -
G9ESL EY~
S9€E5L°EY~
G9ESL LY~
59€SLEY~
S9€EsL ey~
S9tSLTEY~
2216Z2°8Y -
2216289~
2216289~
22162°8% -
Z2162°8Y—
22162°BY~
ZZleZ gy~
22162°BYy -
22162°8B%~
22162° 8%~

Z200s% *16~-

02S0€*L8-

LE091°€8-

669961 *021~
€628L°LT1-
L2608 %11~
1968111~
$6198 801~
0eB888°501~-
»9%16°201-
860%6 66—

22196°96~

99t66° L6~

802c0"121-
19091611~
€188B2°L11~
90L14°sT11~
BESGHS "ETT~
1L€19°T111~
€0208°60T~
9e0e6°L0T~
89850°90T~
10481 °%01~
8Gi9e 121~
681t5°02T~
6189L°611~
05866 °811~
18822°811-
21659 "L 11~
€9689°911~
»L616°ST1~
Y00ST 611
SE0BEHT1T~

¥/2¢
X

19LL€°68~

8L2¢2°58~

96.80°18~

921692611~
01962°911~
YH2ZETETL -
BL8%E°011~
Z162€°20T-
L510%°* %01~
1822% 101~
STH6Y °B6~

6%08% 66—

€890S *26~

%2960°021—
L6%22°811~
6825¢ *911~
221B% 511 -
»6609°211~
L8LEL*OTIT~
0¢998°801-
25966 °901-
$8221°501-
L1162°€CT~
€4226°0¢T1~
»0€517021~
GEEBE "6T1T—
39¢19°811~
96¢%8°2T11-
L2%L0°L11~
BGY0E°9T1T~
68%€5°G 1T~
0259L°»11-
TS666"€1T-

%/2
X

54



APPENDIX C

€25L21°
oLL0e"
88£8¢C "
0888e *
956€0 "
€9690°
06160°
L4801°
Z90¢€1°
88es1”
16€91°
L1681°
60782°
9ve s
110¢0°
¥6190°
81101°"
19101"
s96221°
665S51°"
89L12°
%0S61°
69¢s¢2°
12€59°
18910°
29240
2eell”
%0280°
98L60°
291¢1°
101"
8eT112*
9659 °
96%L L"
H20%0° -
186€0°-
65L20°
€9%10° -
o1020°-
98Z10°—-
L9610°
L11%0°
61602°
OLY»B8*
L13%0°~
€9€¢50° -
9%1¢0 "~
02120°* -~
14%2¢0°-
89%20 "~
00920 "~

00000"0
00000°0
00000°0
00140 °~
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00e%0*—
0000070
000000
00000°0
00900°-
00900°-
00900°~
00500 °~
00%e0°—
00s€0°~
002%0°~
00000°0
00000"0
00000°0
00120°~
001<0°—
00120°~
00120°~
008%0°~
008%0°* -
008%0 "~
00020~ -
00020°-
00020°~
00T%0*~
001%0° -
00140 °~
00140 "~
00060 ° -
000%0°—
00050°~
006€£0°~-
006L0 "~
006€0°~
006€0° -
006€0°~
0060 °—
006£0°—

00000°0
000000
00000°0
00000°0
00000 *S
00000 S
00000°5
00000 *S
00000°S
00000°5
00000°5
00000°S
00000°§
00000°6
00000"§
00000°$
00000°S
00000°§
00000 °S
00000°S
00000°§
00000 *5
00000°S

00000°¢

00000°s
00000°s
00000°S
00000°s
00000°s
00000"¢
00000°s
00000°S
00000°s
00000°s
00000°%
00000°s
00000°¢
00000°¢
00000°S
00000°s
00000°s
000009
00000°*s
00000°¢
00000* 92
00000°s2
00000°s¢
00000 °52
00000°s2
00000°s¢
00000°s¢

65800°L9
¢281L°69
€E65L8°1¢L
€10e9°¢€L
ET0L0"1s
B62L1°SS
$2915°8S
L6S2ZY"19
$85€8°€9
9G6€58°59
91999°L9
28L22°69
99L55°0L
868%L°1L
60910°¢1
591yeE*8
S9%8Z°0%
L0%E1"6Y
126997°¢6S
€0935°09
0€£82¢°%9
CH6EBZLY
0S8559°69
O%¥658°1L
60910°¢1
s9lre 8
S94%82°0%
10%€T1° 6%
12599°%¢
£099%°09
0€EBZE*H9
6EBZ°L9
06559°59
0H956° 1L
509T10°¢1
S91¥e"82
S9432°0%
LOYET"6H
12599°SS
£0995°09
0EBZE"%9
26¥82°1L9
06559°69
0%%¥65°12
¢9510°¢1
LL0%E°82
19¢8Z°0%
E0EET"6Y
62%39°¢S
Y1595°09
BYLZE"YI

2e€05°¢
2¢€06°2
2eL068°¢
2€€06°2
(22 4% a4
(32 2 4 A4
(322 4 4
(133 2 4 a4
oLyHhy 2
(22 44 24
oeyyy 2
(23 4 4 24
(332 2 s
(02 4 4 24
LE9YE "2
€E9ve "7
€eE9ve "2
€€9%e "2
EE9HE °C
TEIYE T
€€99e "¢
EE9NE"C
EE9vE "2
tE9vL "
2eE05°2
CEe06°2
2¢€06°¢
ZEE0S°2
2EE05°2
Z2€€0%°2
CEL0S ¢
2€€06°2
2e€0s°2
2€L06°¢
2€€06°¢
2¢€05°¢
2ee0s°2
2¢€e05°2
2ee05°¢
2€€08°2
Zte0s°¢
2e€0s°¢
2€e06°¢
2EE05°2
$%.18°¢
$9.18°2
S9L18°¢
$9L18°2
$9.18°2
$9L18°¢
59.18°2

00000°0
00000°0
00000°0
00000°0
€01~
€01~
€0e1Z* -
€0e1Z -
€0€12 "~
€0e1Z "~
€0ETZ*—
(X010 P A
€0Ele°-
€0E12*~
160¢€9°~
150t9°~
160€9°~
L60€9 -
L60€9°~
LS0€9°—
160€9°~
L90€9°—
190€9°~
160¢€9°—
»2¢60° 1~
»Z2€S0° 1~
YZ€S0° T~
HZ€S0° 1~
$2€50°1—
92€S0° T~
92860 T~
Y2€60°1-
42€50° 1~
Hlea0°1—-
0968%° 1-
0968y *1-
0968%°1—
0968%°1-
096841~
0968%°1—-
09689 * 1~
0968y ° 1—
0968%* 1~
0968% 1~
LG868° 2~
Ls8Eg 2~
L8682~
LsB6B 2~
L9868° 2~
L5868°C—
LSBeBZ~-

89918°6~

89918°6—

89918° 6~

89918° 6~

005SL "% 1~
00SSL "Y1~
008GL YT~
006SL "Y1~
0086L" %1~
009SL°% -
00ssL*y1-
00s6L %1~
00sSL Y T~
00S9L*%1—
0412661~
OyL25°61—
0%225°61~
0%L26°5T1~
Ovles 61—
0%126"61-
O0%L2S$"6T1—
012661~
0%126°61-
0%225°61—
1985€ 42—
1985¢E° %2~
T98S€° 92~
1986€~9Z—
198S€° 92~
198G€° 47~
1986€° %2~
198S€ 42—
1985€°y2-
198se°92—
029%€° 62—
0Z9%€°6¢-
029yt 62—
0¢9%¢€°62—
029%e 62~
0Z9%e"6l~
029%€°62~
0Cc9%€* 62—
029%€°67-
029%¢€° 62—
S9t6EHE~
S9¢6E"HE—
S9L6EYE~
S9t6E " HE—
S9E6ETHE—~
S9EHE"YE-
SIELE"YE~

CZ9EY 65~
10%11°06~
18161 °0%—
0969%° 1€~
16216211~
€5291°601~
562187001~
L9Z9Y 26~
65211 %B—
1929L°6L~
€9C1H L9
$9290 “65~
L9212 %06~
6929€° 29—
29829 611~
Z1eH1°211-
29159401~
11221 %26~
19989 “68~
11102°28-
0961L *HL~
010e2°L9~
09941 65—
60652 ° 26~
69568°61T1—
9YLIY €11~
29690°201-
6€199°001 -
SEELIZ Y6~
1€508°18~
8218E 18~
%2696 91—
12196 °89-
L1eE1*29~-
ooT1L1°021~
66%58°HT11~
16BEST60T-
96222401~
S6906°86—
606G “€6—
€6%12°88~
16856 ° 78~
062%9°LL—
6892¢c°2L~
61,€9%°02T—
L68T1€"9T11~
Y1HLT1°211-
2€620°80T~
69488 “€ 0T~
196€L "66-
SBY6S 66—

55

T1SLL°HS—

1625% 59~

010€e1°9¢—

06808°92-

ZSLEEETT~
%5186°%01~
961€9 96~

86182°688—

09.f6"61—

29.86° 11~

¥91¢2°€9—

99188 4G~

89L€G°9%—

oll81°8¢~

18688°G 11—
12004 °601~
LB8%T16°001~
PE6IY E6~
9BEHYE"S8—
9EBSY 8L
$BZL6°0L1—
SELBY L9~
$8100°95—
YEITG " 84—
L%989°911
v%892°011
04%068°€07
LE2EY " l6~
EEYTO°T6~
0€96S°v8-
9Z8L1°8L—
€209L°T12~
6124€°69~
914%26°8G~
6621672111
B6961°211
160€8°901
96%96°101
Y6892°96~
€62¢6°06~
26919°68-
1600€°08~
06986 °HL-
68899 °69—
BET6E*BTT—
96942 H1T~
€2101°01T~
16966°50T~
80218°101~
92199°16~

E9C2% L6~



APPENDIX C

ooo0oL*

33BWNN HIVH

81140"
91880°
1eente
Gv2el”
L2Z8%1°"
Zs191”
¥6%L1°
10%81°
6€561°
%810¢°
20%50°
88¢80°
676071°
8yyc1”
SEEYT”
89L61°

28599°1

¥y 3Indl

000000
0000070
00000°0
00000°0
00000°0
00000°0
00000 °0
00000°0
00000°0
00%00°—
00000°0
00000°0
00000°0
0000070
00000 °0
00000°0

6L€29°1

00000°0
00000°0
00000°0
00000 °0
000000
00000 °0
00000°0
00000°0
00000 °0
00000 °0
00000°0
00000°0
00000°0
00000 "0
00000"°0
00000°0

© 439

9551341
%292yt 1t
6G9EB°EY
L629°2S
$1216°85
29228 ° €9
66820°L9
2281L°69
£6sle 1L
€10e9°¢el
95%L9 %1
4232yt 1¢c
659EB°EY
ZL529°C%
21216°8S
29226°¢9

0009%°0S

2/9

89969 °¢
89969°¢
89959 °¢€
89969 °¢
B9959 "€
89959°¢€
89959°¢
89959°¢
89969 °¢
89969°¢
2€€06°2
2€€05°¢
2e€0s°¢
Zet0s 2
2ee0s°2
2€€0s°2

000s1°L629

V3¥v 3DON3U3J3Y

00000°0
00000°0
000000
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
0000070
00000°0

Y8€52°8E19 hoMOh-oa 99T€5"BL

v3yv 3Nyl JOVY3IAY D Q¥OH) ° 434
89959°¢~- SHYGE6°"H 1T~ S€955°601~
89959°¢— 92L2T°%0T~ %1869°86—
899¢9°¢~ Y069C “t6— y66€8° 18-
89959°t~ €8014°Z8~ €1186°91~
899¢9°E— €£92698°1L- Z2GEZ1°99-
89969 “€~ ZH%%69°09— 2€69¢°96~
B99S9°E~ 229¢8°6%— TILO0% " H—
899%9°¢~ 108.6°8€~ Tegye ee—
89959°¢~ 18611782— 0L069°2¢—
89969° €~ 09192 L1~ 0s2e8° 11~
89918°6~ SH69£°ST1- GEBOL*OTT~
B9918° 6~ $21%0°901— 4H198£°101—
89918°6~ %0S%L * 96— »6£90°26—
89918°6— €620% L6~ €L1y1°28—
89918°6~ €9080°8L~- 2656TH El~
89918°6— Z29851%89~ 2EL6O"H9-

56



APPENDIX C

L T4 G g <o9Ly0° 14Z90° 9B9¢eL" 28e0¢” 1066¢" 026%%°59 €Bl6Z" - 8
G9ew1° 11%50° S0B%0° L1068° y0L9¢” »002e"® 026%9°59 798t " ~ 3
404%91° %91.90° 191€0° CT%23°1 92e¢H " LELOT" 026%9°69 8L18%°~ 9
I¥4 T80 Z6EL0° LLTE0"~ SsT611°1 SH19%* 68SET— 0Z6%9°59 29086~ 9
CESLT® $1990° s0€10°" €8BSO 96904 * Lls6L0"° €6619°L9 52089° ~ Y
LeEY91” 65¢90° £6520° Y6L21°1 A4 T4 M yelll® £6619°19 €9621° - €
11191°* yel9c® 65210° 16601°1 2602y 0L021"° €6619%)9 e€5G8° - 4
Evhel” 611¢0° 969¢0° 0gzes* »214a¢ * 92¢ZB1°® £6619°LS £1956° - 1
S 12 1102 €2/2 S2 42/3 A2 RZ2/2 TILD 319NY H/AC NOT1VIS
d33gMS *3 *1
MUY 3SIMNVAS HIV3 WDY3
“34302 WI0L 01 SNOIINYI¥INDD SIN3IDI3430D NDILDI3S
NOTANTDS QT314 AV3IN V WOYd HIOVLILY 40 3TONV NVIUVH 3ND AV (31NdW02D
SI11S1¥31IVEVHD IN3IIDI44300 NOILONS OGNV L1SNYHL 3903 ONIQV3T ‘9v¥A U3INUNI
S9100° T9622" Z0ST0* YeT1¢0° - ¢E9TO - SLegLt 1 L302¢L° 116€62°1 ceeLot~ 01
0TI%10° Cyv97° 16210° 68620° - %6910" - 2Lses" 1 (L 114 c9L22*1 ST%61°- 6
2Zouo* 20192 9%600° YH120° - f6L10°- s662¢°1 Lyoee* 098211 FEIRC "~ 8
08L90° - bYeel” ¢1.00° EB9ZI* -~ 11610°~ LARA AN TLY6E" 1€€01*1 2298t * - L
LESTT® - 61602° 59100° 61%20°~ 24220~ 6ZL60°1 201%6° €69606° fL18%" - 9
14995%°% = CebH0® 9¢l10°~ 1eip- €00c0 "~ 6l6l8* 66965 ° 8L228° 29086 °~ S
EAZ4 % M 13242 M BOB1O*~ 006107~ €0LE0" - 18289° 029%1°1 L218L° %2089~ 4
bHGHT" = THis1® 1L210"- eLEFZD "~ CH9¢0°— L8rBY* S0T66°1 9€6L6" €964~ €
toeoe* - £59691°" 9L600°- s1120°- c60€0"~- €EBOF z2L028"%2 €1698° PESOR " — 4
l6c10" S0LLT" 62100° €B220° - $4610°~ 08921°* EE9GL°9 899GH* F£T1666° - 1
¥YOA 08 QYOHD 1T 43¥Isic 0= 1V 0LECD - =1) 1S1M1 DI DIlvY D DIivy 12 4300 1S A/ AL NDT VIS
WOV¥4 4303 S v Uvnl NVYdS uvDY JISvY8 iV OvV07T *0av  3n¢ avul
(3N¥11S NO G3SvE 1D HLIM
ONIOGvY0Y YNOTLIQOV
$8100° GLsT6 "~ CYBGY " — 941L9°" 0Le20"- OEG€0” 2%220°2
334930 ¥3d NVIQvd ¥id
OWJ /WD dd A 0=72 1V VHdIV (1SIML)TD VHdIv 1D
SOILSIY3LIVAHVHD NOLIVINSI4NDD 3137dWDD
16LL2° 21110° ooooz* €5/.E€°9 ooooez*
( €096T" = (uveId)/1)
(Zxx(9M)TID2)/10GD (M) 1V 102 (8M}1D VYHd1v 031NdWDD 12 (3MI1S30
(NDTLNI0S 07314 dvd) 9v¥Q 03DNONI 1417

SOTLSTUILIVHVHD ACGGB-ONIM NOIIVHNO14NDD 31374KWDD

57



APPENDIX C

61660°"
%9501 *

Z69€0"
CE6ED "

€9998°¢

$Y9151°
19€80°

6cZer”
869593"

G3IHSINI4 S1 3SVD SIHL

19%21°1 =13 osy12* = Z#%x13/1100

SIN3IJ144307 TVIOL

61481 " 09549° 91L%1°89 2€210° -
A4S alAd 16616° 9T44%1°89 91%61° -

58



APPENDIX C

00002°0
00000*2
00000 °)
00022°D
00000*)
00000°2

ol d ot et el

3002 30NV
JAONW Ivual3+41a

00000°0
66666°62
00000°06
01666°4S
00000°06
00000°0

JTONY
d33MS

00000°0

0000€ "5~
00005 ° %1~
00008" %1~
0000€°G—~
0000¢* 6~
00000°0

3%
A

WED3NVId 3ONIY343Y8 3IHL ¥O0d SINIO4 WVIWE

00000°"°¢C = (S)A 00000°0 = (S)X

NDOILISOd 10Ald d33MS 318VIYVA

S3AYNI 9 SVH WHODINVId 3IDINIEII3¥ ONDD3S

00000°0
00C00°)
0000070
00000%)
000232°D
00030°2
000J3*2
00030°)
00020")

— et o TN OO -

30092 379VV
JADW Ivyd341a

00000°0
€06%0° LT~
196£6°8
00000706
OtveL %2
69669°¢9
9628%" 6L
%8260°28
81evL1°6L

39NV
d33IMS

00000°0
0000€°S—
00008°21-
00009 °0¢c~
00009°0¢€-
00008°21-
0000€° 95—
00006° ¢~
00006° 1~
00000°0

43¥
A

WdDJINVId 3INIY¥343¥ JHL Y04 SINIOd Nv3IYs

0000T1°01~- = (S)A 0000€" ~ = (S)X

S3AMND 6

NOTL1ISOd 1GAId d33MS ITQVIUVA

SYH WYOINVId 3ON3¥3d43¥ LSUId

VivO A¥13WD39

10€€5 62~
10e€e5°62-
€998 ye~
2588%°0¢~
0009€"2 1~
00005°01-
00005°01-

433
X

00000°0

0000601~
0000s°01~
00002°8-
00000° 11~
0000L°S—
00005°2
22eeL9t Lt
00009*0¢€
00008°L¢
0000€£° 8%

43y
X

03000°0

NS N0~

INIOd

=N ITNLMSMNDODOO

-

1H9TI3H Q¥DOHD 1D0¥

IN1Od

IH9I3H 0WOHD 100Y

59



APPENDIX C

E
91

3SIMNV IS

k44
99

Iviol

WYOA4NYId

NOILVYNO12NDD JHL 40 d47vH 1437 3HL ND Q35N S$3J311Y¥DA 30HS3ISHOH

L i A I R R e R N ]

et NN NN

360D
JAONW

00000°D
00000°0
00000°0
00000°9D
00000°0
00000°0
00000°9
00000°0
00000°0

00000°0
00000°0
00000°0
0002C*0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0

ITONY
IVY¥QA3HI0

00000°0
66666°627
00000°06
01666°%S
01666°%%
00000°06
00000°0
00000°0
00000°0

00000°0
€E06%0° L1~
196€6°8
00000°06
0eHel vl
(%4 F Rl 74
69669° €9
96C8BY 6L
%8260°28
81evl 6L

3TONY
d433MS

00000°0
00000°0
00000°0
00000°0
00000°0
000000
00000°0
00000°0
00000°0
00000°0

SINIDd »V3¥9 WHOd4NVId ONODI3S

00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
0000070
0000070
00000°0
00000°0
00000°0

00000°0

0000€" S~
0000S*H» 1~
0000s* %1~
00008° 21~
0000¢e°%—
00QoE*S-
00006° 2~
00006" 1-
00000°0

0000070
0000€° G~
00008° 21~
00009°0e—
00009°0¢~-
00005 *»1—
00008° 21~
0000€" 5~
00006°2~
000061~
00000°0

NIILVHENII4NOD SIHL ¥w0d SINIOd Xv3ue

¢ WY04NVYI4 NO $33¥930 00000°0

1 WH¥0d4NVId NO $33¥930 00%€l°%C

€1

1d43MS ST 1 3AdND

1d3Ms SI & 3IAUNI

*ON NOILVANODI4NDD

68

10eE5° 62~
T10€€6° 62~
€99 Y8 HE~
2988%° 0t~
$1090° 82~
0005€° L1~
0000s°01~—
00006°01-
0000S" 01~
00005°01~

00006° 01~
00005° 01—
0000¢" 8-
00000° 11~
00004 * 5~
685141
000052
2zel9t il
00009°0E
00008°L¢
0000€° 8%

—

~NAFN O~ OO

11
01

- N O~ O

INIOd

60



APPENDIX C

£ € € £ € € € € B 8 9 k4 A4 y 4 € € £ € €

(WYDSNVId 1S¥14 HLIM ONINNIOS3E L00Y OL dI1 WO¥3) MOY 3ISIMO¥DHD HIVI NI S3I11Y0A JOHS3SYOK S0 378VL

61



APPENDIX C

$9559°
999601
08L0€"
90255 "
14006 "
68%6%°1
€98%¢ "
zzsoL"
€08€8°1
IR
0020L"*
%19%8°1
928%E"
964 1L"
16068°1
€LivE"
0S81."
19568 °1
ig6ZYE"
B8vIL®
Sl%s58°1
880EE"
0%00L°
65298 °1
€260€"
59999*
19508°1
00952"
$888S "
26011°1
ZLET"®
2820%°
216E5°1

coooD*1 = 12
034¥IS30 LV d2 V130

00000 °0
00000"0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000"0
00000°0
00000°0
00000°0
00000°0
0Cco00°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000 °0
00000 °D
00000°0
00000°D
00000°0

SNVIQvy N1
VHdTW VW20

00000 *0
00000 °0
00000 *0
00000°0
00000 °0
00000 "0
00000°0
00000°0
00000"0
00000 "0
00000°0
00000 *0
00000 *0
00000°0D
00000 °0
00000°0
00000 "0
00000°0
00000 *0
60000°0
00000°0
00000°0D
00000 *0
00000°0
00000°0
00000 °0
00000 °0D
00000 *0
00000 *0
00000°0
00000°0
00000°0
00000 "0

3TNV
TVY03IHIC

034NdN0D 3¥¢ SINIIDII330D IIWYNACDOYIY IWNIONLIONGT 211ViS

99£2€°2S
YoLls6°19
ELYIH "L

£E31LY°5E
99e2€°?s
»HL86°19
9BEZT*E1
[XAT: AR
B6l2G°¢el
GIEZT ET
22e3%°81
B6L2G €2
LT A R A |
¢Ze3v*B1
35L23°¢2
SBEZTET
22EBY°B1
BSL28°¢l
SBECZTET
22ZeBv 81
BSL26°¢2
SBEZTI"ET
22E8%°81
B6LZS €2
GBEZT"ET
X4 1: L 2l
B5LZG6"EL
GBEZT"ET
¢Ze3v el
85L28°¢€2
sBeZi*el
FAAR:E R
B6L2Gc"¢e2

FTINV
4334S 970

el

000z0*1
00020°1
00020°1
00020*1
00020°1
00020°1
000s8"
000s8*
000s8*
00016 "
00016 *
00016 "
00020°1
00020°1
00020°1
00020°1
00020 °1
000201
00020°1
00020°1
00020°1
00020°1
00020 °1
00020°1
000201
00020°1
00020°1
00020°1
00020°*1
000201
00020*1
00020°1
00020*1

S

000000
00000°0
00000°0
00000°0
00000°"0
00000*0
00000"0
0000070
0000070
00000°0
000000
00000*0
00000*0
000C0*0
00000°0
00000°0
006000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°*0
000000
00000°0
00000 °*0
00000°0
00000°0
00000°0
00000°0
00000°0

"ON NOLIVHNDI4NOD

Viva 2IWVNAOGDY3Y

000%L *6-

000%L b~

0008L°*TT~
J008L°T1-
0008L*TT-
ooo8L T~
000s9°E1-
00059 *E T~
00059 E1—
0001461~
00014 51~
0001%°51—-
000%€~L T~
000%€"2 1~
000%€°L T~
0008E°61-
0008€°61~
0008€ 61~
0002912~
000Z%°12~
0002%°* 12~
00094 €2~
2009% €~
00094 €2~
00006°52~
00006 *5Z~
00005° 57~
000%s 12~
000%s°L¢-
000%G°L2-
00089 "62-
00086°62-
00086°62~

22068°
bELYE"S
$6S69 "L~
8992y H-
|2 JA-) Sl K
€9111°2
ESE9Y L~
28786°¢ -
11206 °*~
88v8L L~
Y1289 "4
T%6L1"° T~
L21€1°B~
0Ll620°S~
€12¢6°1~
%1605 °8~
9%809°5~
614012~
12288 °8-
€181 9~
LA 4L A R
899526~
66691 9~
0€LL2 -
61129°6-
SLYYE" L~
9¢290 "5~
£9666°6-
2see6°L-
291%B 6~
012LE*01~-
82206 *8-
LYZ2€9°9~-

%/2¢€
X

18811°¢
LO6SLS"L
10190°9-
56161°2~
0T1LLY"
919%L°¢
L1e2L 5~
LR A FAF 44
528¢2°1
Tcee1°9-
820¢e8°2~
961LY"
84H€8G "9~
Z265L1%°E-
GE89E" -
01650°2~
E8LCT "%~
56952°1~
21%es* i~
Y16EB Y~
FLHHT1°2~
$€0T10°8~-
S91¢5°s-
962€0°€~
96584 °g-
96e02°9~
91126 ¢~
15196°8-
L5588° 9~
9¢608" %~
6lLEY 6~
8¢€L95"°L~
16.69°6~

%/3
X

62




APPENDIX C

€clo0”
0LLL0°
216€1°
AR 2 kA
£1880°
SHYBS1°
889¢¢ "
91660°
2eestl”
06904 *
19%60°
¥8L02°
09609 °
61090°
yHy9LY
82986 °

9is1e*
€2v6”
9960¢ °
91s62°
905¢€C”
oY9L1”
OeeH1°
Ti1yee*
Hieee®
»¥911¢e"
L6%8C"
1810¢°
s910¢-°
RS VYA
1Lre62°
92LeZ*"
sstee”
202¢ee”
s0lse”
6lElE”
oLiBE"
ZeT1BYy”
91652"
8088¢"*
(01:1.7A A
€2esL”
Ye69”
gevey*"
9¢815°
91088°
S F4:Y XA
€2064 "

00000°0
00000°0
0G000°0
0C000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
0000C*~0
00000 °0
00000°0
00000°0
00000°0
00000°0

00000°0
00000°0
000000
00000°0
00000°0
000000
00000°0
00000°0
00000°0Q
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
0000070
00000*0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0

00000°0
00000°0
000000
00000°0
00000°"0
00000 °0
00000°0
00000°0
00000°0
00000°*0
00000°0
00000°0
00000°0
00000°0
00000 °0
00000°0

00000 °0
000000
000000
000000
00000 °0
00000°0
00000°0
00000°0
00000°0
00000°0
00000 °0
00000 °0
00000 -0
00000 °0
00000 °0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
000000
00000°0
00000°0
00000°0
00000°0
00000°0
0000070
00000 °0
00000°0

00000°0

9001€e°8¢
CEEEO LY
88319°¢s
900T€°8¢E
SEEE0° LY
88919°¢s
3001¢°8¢
SEEED LY
88919°¢€S
3001e"8¢
SEEEO"L Y
88919°¢€¢
9001¢e°8¢
GEEEO LY
88919°¢5S

2¢e8BE"12
8022%°0¢
LELE2"29
€8158°89
81050°¢tL
06898°GL
BGSS5B"LL
L961%°6L
SE610°%¢E
69L86°LS
0€556°L9
$96549°¢l
12ve8°9L
S1€E30°6L
<%2C59°08
STI»8°18
62E36°¢EE
Z1e2stis
ZL6%6°L9
S195%°¢L
%s208°9L
699€0° 6L
ELPTIH°L

E9TLY GE
99€2€°<S
YHL156°19
ELH1YL

E9TLY*SE
99e2etes
YHL56%19
ELY1Y*L

EQSTLY GE

00002°1
0006%°
00069°
00069 *
00020°*1
00020°1
00020°1
00020°1
00020°1
00020°1
00020°1
00020°1
00020°1
00058 *
0004%8°
00098 "

000s6 "
000s6°
000s6°*
00056°
000%6°*
00056 "
000s6°
00066 "
00005 *
00008 "
0000s *
0000s°
0000¢s*
0000¢*
0000% °
0000s*
00002°1
00002Z°1
00002°1
0000z "1
00002°1
00002°T
00069 *
00069°
00069 °
00069 °*
00020°1
00020°1
00020°1
00020°1
00020°1
000¢0°1

00000°0
00000°0
00000°0
00000°0
00000°0
00000*0
00000°0
00000°0
00000°0
00000°0
00000 °0
00000°0
00000°0
00000°0
00000°0
00000°0

SNDI1d1¥2S30 X31Y0A 3OHS3SUOH WI03INVI4 GNODI3S

00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0

00001 "%~
00066°S—
00066 °5—
00066°6~
0000L°L-
0000L*2~
0000L°L~
000%L "6~
000%L *6~
000%L°6-
0008L°11~
00082°11~-
0008L° 11~
00099 €1~
00069 €1—
00059 €1~

00066 °—
00056° -

00056°-

00056°~

00066 *~

00056°~

00056° -

00056°~

0000%°2~
0000%° 2~
0000%°2~
0000%°* 2~
000042~
0000%* 2~
00004 * 2~
0000%°2-
0000T* ¥~
000074~
0000T*%-
2000T*H~
00001 °4—
000014~
00066°5~
00066 °5~
000665~
00066°5—
0000L°L—
0000L°2~
0000L°L-
0000L "L~
000%L "6~
000%L°6-

SZ862°51-
60996°82—
2166062~
6EYeET 12~
$9€l0°0¢e~
STE69"92-
ylile ee-
L6s6e " TE~
80%6S *82-
81261762~
6EBIL*2€~
1086%°0¢—
€911 "8~
190t6°ce~
£€GleZ2°2¢€~
SHYYY5T0e-

969Z8°8-
182¢e1°2~
6095 *Y

6946211
Y9896 °L1
61249 °42
Y6GEETE
69620°8¢
Z21€01°6~
29615 "¢~
88110°2

LEGS9 "L

1L89%2°¢1
LEYEBBT
L8124 °%2
4€600 "0¢€
€8950 *6—
Y1482 ¢t~
¥688% °2

€2192°8

Tece0 %1
09908 *61
01829 °8-
16986°1~
62959 °y

89662°T1
8925¢ “8-
0%L0L°2~
18L€6°2

51€8s °8

119208~
%6995 "¢~

BCO980°21~-
BeZe0"1e~
S0L91°¢2-
2.10¢%61-
SEe8€° 8-
%6200°52-
%¥6829°1¢2-
20666°62-
E1E6T L2~
$216E° 42—
021909°1¢~
2EEBE6LZ~
€661~
LO%BO ¢~
6606€°1¢~
1616962~

6961l%°5~
90%1¢°1
18L06°L
95109°%1
T1€66271¢7
906861
18289°%¢
959LE" 1%
LE60E"9-
L8122°~
€9598°%
c1es% 01
290%0°91
21829°12
29612°12
21e08°2¢
690L1°9-
0o8léet"~
88HLE°S
LG2%T°11
S2026°91
$6269°22
0s20e°S-
69€EE"T
88%L6°L
BO9T19°%1
¥00e6°G9~
YZ611°
16091°S
6150%°11
€£66961°6~
9€8EE" T~

63



APPENDIX C

0000070

YIEWNN HIOVW

928L0°
88201 °
Ls121°
11€80°
6e901°
61601°
99160°
89¢11°

€L669° ¢

v 3n¥lL

00000°0
00000°0
00000°0
0000070
00000 °0
00000°0
00000°0
00000°0

29¢€c0 "9

00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000 "0
00000°0

*d43d

00000°0
00000"0
00000°0
00000°0
000000
00000°0
00000°0
00020°0

00009° 0% 0026L°1¢9

2719 ¥3¥VY 3INIY3 438
000s6° 00000°0
000s6°* 00000°0
000%6° 00000°0
0000¢* 00000°0
00005 " 000000
0000¢*° 00000°0
00002°1 00000°0
00002°1 00000°0

6L76E°6BET £5e0L2e 00066 "

v3yy 3Nyl 39Vvd3AY D 0¥0OH)
00066 °~ £6996°1C~ GLYLL YC~
000%6 °*~ 65209°12~ Z50e% 81~
000%6"~ 52862 "1~ 80980"¢ 1~
0000%*2¢~ €69%6°LZ— 9LYLL"HC~
0000% 2~ 65209°12— 2Y0¢ey"eT1~
0000%° 2~ eZ8%82°6 1~ 80980°21~
00001 *Y - €69%6°L2~ CFR TN R o)
00001 ° %~ 66209°12~ 2H0ey 81~

e

1t

NEEL-

64



APPENDIX C

00000°0
00000°0
0000070
00000°0
00000°0
00000°0
00000°0
00000°0

00000°0
000000
00000°0
000000
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
0000070
00000°0_
00000°0
00000°0
00000°0

wOA (8 OY0OHD
Woy¥4 4303 1S

C9%80° 00000°0 00000°0 00000°0 LEREB® Lysee” £0681° SOTEO "~
L%€80° 00000°0 0006J°) cCoQ0*0 LEBES® Lyzee” 15987T° €4810°—
Cocv0”® 00000°0 000(3"0 00000°0 LEBES® L60Ce” 62%81° GOLET~
29%80° 0000070 00000°90 €0000°0 8L0T1¢" ozoLe” 60681° S1661°—
€1580° 00000°0 00000°0 00000°0 0L9%%* (AL 08061° €9162 °~
S9%80° 00000°0 00C¢00°2 G0000°0 6z0Le” 1801%" G1681° (3301 kg
£96L0° 000000 00002°90 0Cc000°0 18¢6Z° 88+%09° eLLLIT® L6%8E " —
14190° 00000°0 00002°D 00000°0 €Le2e” 8EET19* £2LET” 8094y%* —
NOILNSIY1SI0 GVDY NvdS O3 N¥D4NVYI¢ ONODIS 3HL 50 NOTLINGI¥INDD
$€896° 00000°0 00000°2 ¢6000°0 118%€°2 £682%° 29Lve 1 SO1¢0" -
°1696° 00000°0 00003°0 0¢000°0 %6896° 1 66629 ° ZH90%2°1 €%810°—
858%6° 0000C*0 000CI°0 0000070 $9626°1 9%¢08 " 08sZe°l 66EET"~
GELES” 00000°0 00000*0 00000°0 Z10L1°1 59610° 1 11e61°1 G1661°~
8L2159°" 00000°0 00000°2 00000 "0 q9%66° 61€91°1 16951°1 €916 "~
6056%° 00000°0 00000°0 c0000°0 ces8e” 1280%"°1 82901°1 0g8TeE"—
€LE9Y" 00000°0 00002°0 €C000°0 866L6° Z%818°1 LEL%0°1 L6HBE " =
BEEYY* 00000°0 00000°0 ¢G000°0 a6osY* LeEST®C £L066" 8099y " -
LCceY* 00000 *0 00000°0 00000°0 #H9EY " €6091°2 Tiev6” 66805 °—
Ceb6¢8” 00000°0 06000°2 06060 "0 S901% " 6s0LT"Z »€168° 19996 °~
leele” 00000°0 00000°D 0G000°0 6E£E8BC" Y19L1°¢ [} 2% A EECEG”—~
YRS 24 000000 [sle] ]t Rge] ¢0000°0 [ 11 6£691°¢ re2Ll” 0000L " -
9051t " 00000°0 00000°0 006000°0 1892¢° 1L0%1°2 ooY0L"® L999L -
126L2" 00000°0 0Cc000°) c0000 "0 0910¢”® %0690°¢ £0%29° 12322 : iy
aLeee” 00000°0 00000 °0 00000°0 veHle* Z9€06° 1 1 X244 N 00006 * -
»Zs91” 00000°0 00002°0 00006*0 80L%Z* EEYEY™Y €269¢” 19996 "~
12 03dlsSag 0=10 1V 000000 =70 ISIM1 DI DIivy pIivy 12 4302 1S 8/ A2
1V 0VO01 NYdS avD1 71Sv3 LV OvVDY "00v  3NG avnl
{3NY1}S ND 03SVY 1D HIIM
ONIGVOY TYNCILICQOV
00000°0 0RLSD" £610% "~ 000000~ 00000 °0 €0560° QLY%%*S
3349930 ¥3¢ NV IOVY ¥3d
1I/A3 dd A 0=17 1V VHdIW t1SIMIDTD YHdV 1D
SII1S1¥3LIVEVHD NOLLYUNOIANDD 3137dW03D
0%€S0” %94 40° 1€v16° 22¢€25°01 00000°1

{ ¥8250° = (yvxld}/T)

(Z#+(8M)TD)H/10D (gM}12 tv 106D (gM)ITD VYHd1lV 031NdWO0ID 17 G3d1S30

(NO14NT10S 01313 dvd) Oved 03D1GN1 1417

SIILISIH3I1IVEVHI AUGE-INIM

ND11V¥NOI4NDZ 313VdWDD

L X4
€C
2e
1¢
0z
61

L1

91
sl
%1
€l

(=N ]
4 )

P S IR SRV N - -

NDI1ViS

65



APPENDIX C

65000
0Zooo-*
¥1000°
¥EL00°
L6ET10"
$Z810°
9e£20°”
L1020°

¥B8ZBT "
00000°0
15655 °*
6BEY0°
eLsge”
LETYE"®
L998% *
£6891°
15691°
1e921*
299971
18261"
€86ET"
GHHe1*
99401 °*
$6€L0°
S2

65000°
0cooo*
¥1000°
12400°
10800°
L9010
0%€T0*
16110°

33304 Ovdd 30 O0¥OHI 3IHL

952¢0°"
120%0°
£1201°
SY610°
19921°
LZ1s1"
aceoz*
12427 0
96€51°
$1091°*
156%1°
618¢€1"
ooLzt*
»0el1"
88%60"°
91.90"
13

MOY¥ 3SIMNYG

6585%°9

eT1€0"*
6£910°"
160"
10610*
29920
98€20"*
98810°
»8800°

YEBLT®
210L0°
09651"°
€0L21"
Le€80°
0664%0°
61210°~
65€00° ~
$<100° -
£9100°
o6100*
€¥100°
L1000
22000°
01000°~-
$1000°-
1102

S HOV3 WOUd

*4300 V101 01 SNDIINBIY¥LINDD

=$)

6513)*
1010D*
0E0DD*
10423
6L%ED"*
S56%) "
91850 °
13230"

U3HSINIS SI

cLZoLTe =

SINIIDI443

65100°
10100°
0€ 000 *
6%510°
G6610°"
10920"
9teE0”
09%£0 "

3SVy SIHL

12 Y1950°

02 wvicl

»8¢€80°
82¢80°
rA4%:10)d
L6590°
82990°
2%6%0"
96940°
Z4%920°

= Z*x12/1102

00000°0
000000
00000*0
0T666° %S
0166645
01666"%5
01666°%5S
01666°%5

01 W¥D3NVId ONOJ3S 3H1 40 NOTLNSIWINDD

sBgBYy* Y0L80°
Y69BY "1 B8Z%02 "
Te%81*1 L1912°
96191 " 651L0°
0sT1L" 6Zs1e”
80058 " oLoLe”
1L9€1°1 ZLle06"
0B40DG* 64864 *
Y1eLy* Yi62%°*
s06eh* 1l86¢"°
c660H° cecLe”
2s08¢€” 1969 *
0ZBYE" 5291¢"
2560¢€" 6% 182 *
Y1092° LZ9ge”
21981 ° s2L91°
8272 S3 4273 12

SIN3III344300

NOILNT0S Q1314 YVIN V WDU4 NOVLLV
SOIISI¥3LIVEVHI INFIDI44300 NOLILONS CN

189L%°
2€96¢”
Z8L4¢€€"°
€919%"
09L02"°
82e21*
9E0€0* -~
€L010%~
0S€00°-
10%00°
%L%00°*
SSE00"
¢6100°
%$000°
%Z000° -
8€000°~
22/2 1102

NO11D23S

8lEYL 6L
»8260°28
9628%°6L
69569°¢9
69G659°¢€3
69559°¢9
69569 °€9
0EYEL %2
0EvEL"He
0EYEL Y2
OEYeEL w2
0EYEL*H2
OevelL*ye
OE¥EL Y2
DEYEL*HZ
0EHEL Y2
IT9NY
d33MS *3 *1

507¢0° -
€98L0° -
66£E1°~
SL561° -
€9162° -
0oeBIE" -
Levyge” -
B09yH" -

S01€0° -
€EH8L0° -
66EET" ~
SL661"~
€9152° -
oegle" -
L6HBE* -
8099~
6S€0S6° -
1999S° -~
EEEC9" -
0000L"* -
19991 " ~
EEEEG" -
00006 ° -~
19996° -
8/A2

30 379NV NVIOVY 3NO 1V 03INdWOD
¥V 1ISNYH1 3903 9NIAVY3T *9v¥a GIINONI

91
ST
*1
£1
21
1

NN O~NDOPO
-l

NOI1VIS

66



APPENDIX C

B $Z Z
91 SS9 1
3S1MNVdS wi0l1 WY0DINVd

NDILVYNOT4NDD 3HL 40 37vH 1437 IHL NO G3SN $3311¥0A 30HSISHOH

-t ekt ok ] vl el

okl NN NN

30092
JAOW

4
I

00000°0 00000°0
00000°0 00000°0 00000°0 0000€° S~
00000°0 66666°62 00000°0 00006° %1~
00000°0 00000°06 00000°0 00006 %1~
00000°0 01666°%S 00000°0 00008*21~
00000°0 01666°%S 00000°0 0000L “S—
00000°0Q 00000°06 00000°0 0000€"S -
0000G*0 00000°0 0000070 00096°2~
00000° 0 00000°0 0000070 00006°1-
00000°0 00000°0 00000°0 00000°0

SINIDd Mv3d¥g WYD4NVId (ONDI3S

00000°0 00000°0
0000C° 0 00000°0 00000°0 0000€"S—
00000°90 €06%0° LT~ 00000°0 00008°21-
00000"0 L56€6°8 00000°0 00009°0¢€~
0000C*0 00000°06 00000°0 00009°0¢t-
00000°0 0EHel % 00000°0 0000s°%1-
00000°0 0EHEL* Y2 00000°0 00008°21~
00000°0 69669° €9 00000°0 0000e°%-
000000 9628%"6L 00000°0 000062~
00000°0 ¥8260°C8 00000°0 00006°1-
0000C*0 gTEYL 6L 00000°0 00000°0

ITONY ER R

AVY03HID d33IMS 7 A

N711VuN913NDD SIHL ¥Dd SINIOd XNV3de

Wd34NV1d NO S$S334¥930 0000070 1d43MS S1 T 3AEND

WYD4NV 14 ND $33¥930 00%EL % 1d3NS ST S 3IAWND

el *ON NOILV¥N9TJINOD

68

10€€5" 62—
10€€5° 62—
£9998" v~
2588%°0€-
51090° 82~
000SE" LT~
00005°01-
00005$° 01~
00006°01~
00005°01~

0000S* 01~
00005° 01~
00002 8-
00000° 11~
0000L " 5~
$891.L°1
0000s5° ¢
z2z2el9t it
00009°0¢
00008°L¢E
0000E" 8%

-

NN ENO~SDOCO

11

~AaAEN OO O
-t

INIOd

67



APPENDIX C

€ t € € € € 3 € B B 9 k4 Y L4 A4 k € |3 |3 €

(WHDINVId 1SHIJ HLIM ONINNIOIS 100¥ O) dlf AD¥3) MDY 3SIMAYOHD HIVI NI S3IIIL¥OA 30HSISHOH 40 378v1

o

68



APPENDIX C

T12¢eed”
BLEEZ 1
s0BEE "
8%€19°
94L00"1
»16L9°1
LSSBE "
9898L"
9L290°2
6%98¢"°
aleul”
692.0°2
ceLne”
Ly66L"®
180102
9slbtE
%Z%08°
15€80°2
-1°74:3 0
£6008°
8¢€80°¢
Y669¢
1998L°
%80L0°¢
612%e"
681%L°
¥E0E0°2
z2198¢°
[TAL LN
8l%26°1
GeeEBL”
kAZA L
%60¢9°1

00000°1 = 1
0341S3Q0 1v 43 vi1i3a

00000°0
00000 °0
00000°0
000000
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
000000
00000°0
00000 °0
00000°0
00000°0
00000 °0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0

SNYIOVY NI
VHd1V VU7

00000°0
00000°0
00000 °0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00002 °0
00000°0
00000 °0
00000 *0
00000 0
00000"°0
00000°0
Q0000°0
00000°0
00000 °0
00000"0
00000°0
0000070
00000°0
00000 °0
00000°0
00000 °0
00000 °0
000060°0
00000 °0
00000°0
00000°0

ERblLL
IVA03HIA

G3LNJdWDD 3¥Y SINIIDI4330D JIWYNAGDYIY TYNIONLIONDT DILViS

99€2E 2%
HHL86°19
€Lyl

€91LYy at
99€2e°Zs
Y%L66°19
$8e21°¢1
ey et
Boleste
sBEZ1°e1
¢lE3v°Bl
86LZGEL
SBETTET
22eBy*B81
35L25°¢2
GBETT €T
Z2E3IN"81
B6LIG°E2
SBEZT ET
c2egy Bl
B6lZe"te
6BEZ1°E1
¢2E3v el
86L25°¢2
6BeZ1%¢el
22e3%°81
BSLZG e
GBEZTET
Ze8y°8l
B6L2G"¢EZ
SBEZT*El
¢Z2eEBy 8l
B5L2s el

3TONY
d334S 4/3

€11

000201 00000 °0
00020°1 00000°0
00020 °1 00000°0
0ogZo~1 00000°0
00020°1 00000°0
00020°1 00000°0
000s8°* 00000°0
000s8°* 00000°0
ovose * 00000°0
00016 ° 00000°0
00016"* Q00000
00o16* 00000°0
00020°1 00000°0
00020°1 00000*0
00020°1 00000°0
00020°1 000000
00020°1 00000°0
00020°1 00000°0
00020°1 000000
00020°1 00000°0
00020°1 00000°0
00020°1 00000°0
00020°1 00000°0
000201 00000°0
00020°1 00000°0
00020°1 00000°0
00020°1 00000°0
0002C"1 00000°0
00020°1 00000°0
00Q20°1 00000°0
00020"1 00000 °0
00020°1 00000°0
00020 °1 00000°0
S 7

*ON NOTLIVYNOT3INDD

VivVa J1WVNAGOY3Y

000%L "5~

000%L°6-

0008L" 11~
0008L°T1~
0006L° 1T~
0008L°11~
000s9°¢e1-
00099°¢ 1~
00059 €1~
000T%°S1~
00014 °51-
0001y°ST-
000%€°L1-
0o0%e* L1~
000%€°L 1~
0008E*61~
0008€°61-
000v¥E 6T~
000¢y*12-
0002%°12-
0002%*12~
3009%°€Z~
00Q9%°€2—-
0009%°€e~
00005°62-
00006 *s2~
00006 *62—
000%s*L2~
000%G°*Le~
000%5° L2~
2008 52~
00086°62—
J00BS °62~-

22068°
6ELYE"S
65697 L -
A AT4 At A
EHLST° 1~
€911 "¢
€9E9Y L~
28286 °¢€—
11206 -
8898, "L~
4128% 9
159641 °1-
LZLlET B~
04620°5-
€1226°1~
9160678~
94809 *6~
61L0L°2-
12288 ‘R -
€2L81°9~
cZZ6Y *e-
899526~
6659L *9-
0Ll Y-
C1LE9°6~
GLlhyE L~
9¢290°s—
£9666°6~
5e6°L-
SHLH8 * G-
0t1Zie°01-
BZ20s 8~
LH2€9°9-

%/3¢t
X

1861T1°%¢
L6G1G°1
10190°9~
s6161°2-
ovLLs®
91941 °¢
L1€2L°G~-
LATE XAk 4
L T4 AR AN
165¢E1°9-
810¢¥8°2~
961L%"
84ERG 9~
26614 "¢~
L32: 00 Rt
01660° L~
EBLST -
$6962° 1~
Zl9fS®)-
hLl6€8° v~
9LHH1°2~-
y€010°8-
$912%°9-
962F0° €~
969848~
96€£02°9~
91126°¢€-
191968~
LH588°9~
9¢608° "y~
bTILEY 6-
BEL9G L~
LSLA9 G~

%/2
X

69



APPENDIX C

06%L0° 00000°0 00000°0 00000°0 000021 00000°0 00001°¥- §7852°G1~ 80980°C1-

25220°~ ZTIR RS 00000°0 900TE°BE  00069° 00000°0 00066°6~  S0996°BZ-~ BEZEOD"LZ-

%6550° - ESYL1 - 00000°0 GEEEO*LY  00069° 00000 "0 00066°5-  21660°S2-  S0L91°€2Z-

0002T°- ESYLI"- 00000 *0 BBI19°ES  00069° 00000°0 00066°5-  6EYEZ*T2— ZL10€%61-

Y06E0° - ESYL1- 00000°0 900TE°8E  00020°1 00000°0 0000L°2- GSELO®OE-~  GEEBF-BZ-

BZ580°- ESHLT- 00000 °0 SEEEO"LY  00020°1 00000°0 0000L°L-  ST1£69°92- %6200°SZ-

2€5€2°- ES9L1°- 00000°0 88919°£S 000201 00000°0 0000L°L~  %L121€°€2-  %S729°12-

€89%0° - €5%L1°- 000000 9901¢€ *8€ 00020 °1 00000°0 000%L°6-  L6S6E°TE~  Z0566°62-

65901 "~ €5HLT- 00000°0 SEEEO*LY  00020°1 00000°0 000%L°6-  BO%6S*8Z- €1€61°12-

L2662°- €SHL1°— 000000 88919°€5 00020°1 00000°0 000%L°6-  8126L°GZ-  9Y2Z16E"42~

Z€9%0° - €SHLT"- 00000°0 J00TE"8¢ 00020°1 00000°0 0008L°T1- 6€BIL*2€- 0.9C9°T¢-

€5911°- €9yL1- 00000°0 SEEE0°LY  00020°1 00000°0 0008L°1T-  1056%°0€~ ZEEBE"62~

L18T€"- ESHLT - 00000°0 88919°€S  000Z0°1 00000°0 0008L°11~  €91.2°8Z- €66S1°L12-

60820~ £5HL1"- 00000°0 9001E°8E  000S8" 00000°0 00069°E1-  190€6°€E-  LOYBO°E€€— _
06180 °~ £SYL1°~ 00000°0 SEEEO°LY  00058° 00000°0 00059°€1~  €SLET°ZE~ 6606€°1€- e ——
0LL62"- £SHLT®- 00000°0 89919°€S  000$8° 00000°0 000S9°ET~  SH»4G°0€- 16169762~

SNOT11d1¥2S30 X3I1¥OA 30HS3ISHUOH WED4NVId GNDI3IS

1%522° 00000°0 00000 °0 2€eB3e°Le 00066° 00000°0 000%6° - 96928 *6~— 696L%°5~
9eele” 00000°0 00000 °0 8022%°0% 000%6° 00000°0 00096 *~ 182¢1°2~- 906T12°1
yeyye” 00000°0 00000°0 LelEe*e9 00056 * 00000°0 00056°~ %6096 Yy 18106°L
660tEE” 00000°0 00002 °0 £8158°89 00096° 00000°0 000%96°— 69%S2°11 96109°%1
1¥%92°* 00000°0 00000°0 8L050°€L 000s6" 00000°0 00056 "~ Y9896 °L1 Te562°12
»1661° 00000°0 00000°0 06898°6L 000%6° 000000 00066°~ 612%9°%< 90686°L2
2el91° 00000°0 00000°0 89658°LL 00066 * 00000°0 000466 °~ Y65¢E 1€ 18289 °%¢
028%2° 00000°0 00000°0 L961%°6L 000s6° 00C00"0 00066"°~ 69620°8¢ 9692 " 1Y
9eHye* 00000°0 00000 °0 SE610°%e 00005 * 00000°0 0000%°* 2~ 21e01°6— LE60E "9
»804¢" 00000°0 00000°0 69L36°1S 00005~ 00000°0 0000%°2Z~ 299167¢€~ L8121°-
1191¢° 00000°0 00000°0 DES56°LY 0000%* 00000°0 0000%* 2~ 88120°2 €£9598°Y
o1Lee” 00000°0 00000°0 49654 €L 0000%° 00000°0 0000%° 2~ L£659°L 21es%°01
698¢€¢€” 00000°0 00000°0 1Z%e8°9L 0000s* 00000°0 0000%°*2- L89%2°¢1 290%0°91
T%90¢° 00000°0 00000°0 51£90°6L 00006 ” 00000°0 0000%°2— LEHEB BT 21829°12
11982° 00000°0 00000°0 Z%239°08 0000¢* 00000°0 0000%*2- 18129 %2 29%12°412
6T1L€e" 000000 00000°0 s11¥8°18 00005 *° 00000°0 0000%°2~ 42600°0¢€ 21e08°2¢
YA £ 00000°0 00000°0 G2ES6°EE ooooz*t 00000°0 000014~ €£89650°6- 64%021°9~
1E%9¢e " 00000°0 00000°0 Z1ElS" LS 00002°1 00000°0 00001 *H~ Y1482 °t - 0BLEE"~
ocLee” 00000 °0 00000°0 2L5%6%L9 00002°1 00000°0 00001y~ 5889 °2C 88¥LE"S
96814 ° 00000°0 00000 °0 SLl95% "€l 000021 00000°0 00001 "4~ EXAL T Lsiv1*11
6862%" 00000°0 00000°0 $9238°91 00002°1 000o0*0 00001 &~ ‘16LE0*H1 S2026°91
CARA 4N 00000°0 00000°0 S69€0°6L 00002°1 00000°0 00001 * %~ 09908761 »6269°22
eLeLe” 00000°0 00000°0 ELYIY =L 00069 ° 00000°0 00066°5~ :018¢29°8~ 0%10€°S~
5162%° 00000°0 00000 °0 €E9TLH St 00069° 00000°0 00066°5— 16986°1- 69¢EE"1
1608%° 00000°0 00000 °0 99€Z€"2S 00069 * 00000°0 00066°5—~ 62969 "% 88%16°L
048498 ° 00000°0 00000°0 Y9L56°19 00069 " 00000°0 00066°5~— 8y562°11 80919°%1
90082° 00000°0 00000 "D €LY "L 00020°1 00000°0 0000L "L~ 892sg "8~ $00€S "S-
$169%° 00000°0 00000°0 €9TLH°sC 00020°1 00000°0 0000L L~ 0%L0L"2- H2611°"
yL51G" 00000°0 00000°0 I9EZE"LTS 00020 °*1 00000°0 000021~ 181€6°2 16092°S
19166° 00000°0 00000 *0 5156719 00020°1 00000°0 0000L°L~- 61€86 °8 6150411
02%0¢° 00000°0 00000°0 ELYTHL 00020°1 00000°0 000%L°6~ 11420°8~ €oS6L "G~
9LEYS® 00000°0 00002°0 E9TILY St 00020°1 00000°0 000%L"6~ #6996 *€~ 9eBEE" T~

70



APPENDIX C

00000°0

YIGWFN HOVW

€¥%00° -
80220°
99660°
00010° -
16€10°
€2680°
29610 ° -
£6100° -

€2569"¢

4v 3Nyl

00000°0
00000°0
00000°0
00000"0
0C000°0
00000°0
00000°0
060000

29ec0°9

00000°0
00000°0
00000°0
00000°0
00000°0
000000
00000°0
0ooo0"0

* 43y

00030°0
00000°0
00000°0
00930°0
000200
00000°0
00000*D
00000°0

00009°0¢

Z2/8

000s6°
00056°
00056 *
0000s°
0000s*
00005 *
00002°1
0000Z°1

00261°1¢9

v3yv 3IN3I Y333y

00000°0
00000°0
00000°0
00000 "0
00000°0
00000*0
00000°0
00000°0

61L%6€°68€1 €620L°22

v3yy anyit IOVE3IAY I
000s6°~ £69%6° L2~ QiyLLY e~
00066 °~ 66209°12~ Z90€% 81—
000%6°— $2852°51— 80980271~
0000% ¢~ £E69%6° L2~ 9lYLl*ye—-
0000%°2- 65209°12—~ Z240Ev 81—
0000%*Z~ 62862 °S1~ 80980°C1~
00001° %~ €69%6"° L2~ 9LYLL Y-
00001 ° %~ 65209°12- Z%0eY°BT1-

00056°21

QYOHD

*43¥

71



APPENDIX C

00000°D
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0

00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
060000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000"°0

¥0A (08 QUOHD
WDY¥3 430D 1S

8L2€0" 28150 "~ 61110~ 19€90°~ LEBEB® Lvsez* €0681" L) 70 A »e
€6%20° $6L60° - %9110°~ 61690~ LERES® Lyzcze* 15981° €4810°~ €
16%10° 00890 °~ 96110°~ 96$6L0°— L€8€E8° L6022" 629871° 66€ET*— 2¢
HYYE0° ~ 92Z611°~ 08110 ° - 90TEl"— 8L016" oZoLe” 60681° Gl561°~ 12
SSES0° ~ v68¢1°~ 06110° - 48061 °— 0L9H%" €T1eH*® 08061° €916 °~ [eX4
18650°— 25091 °— 08113°— F4 X4 Mt s2cle” 1801¢° 61681° (11204 Takd 61
LEGHO" ~ 16921°- 60110 °~ 6SLET "~ 18€e6¢” 88409° ZLLLIT® L6YyBE - 81
280E0*~ $2260°~ 96800° ~ 08001 °- eLece” seel9” €2lel” 809499~ L1
NUILINGIYLSIO QVDY NVdS 01 AHDINVI4 ONDD3S 3H1 40 NOI1NYIYWINDD
62029" 4¥6190° 48LL)° = 68510 °— 118S€E°2 €6829° 29L%2° 1 S01e0" -~ 91
¢8919° 0L190" 6€liD"~ 69610 °~ Y6896°1 66629° Z250%Z°1 £498L0° - st
26609° se190° 84Y9L) "~ 110"~ 6962¢°1 9%£08° 08s22°1 66EET "~ »1
BYH6S° £5090° A aad Ml T6€10°~ 21oL1°1 S9610°1 11€61°1 Gl561° - €1
ozLLSs”® 256%0° 812137~ 922107~ $9%66° 61e91°1 L6961°1 €916Z "~ ra)
59295 ° 96150° 2069)° - $4%110°- r423:7 g 1280%°1 82901°1 o£8lE"~ 11
18€29" S1650° $€590° - 0Zo010°- 866L9° cy818°1 LELHO°T Le6YBE "~ 01
1096% %9E¢50° 18190°~ 1L1600°~ 5665%"° 168512 €L066" 80944 ° - &6
osaLy”® £9050° 988G "~ 14800°~ el €6091°2 T1€E%6" 65806 "~ 8
LB9Y%* Lbly0°® 19690°~ %9L00°~ s901%* 650L1"¢ %€ 168° L9996 °— L
1581%° 02s%0° 50252°— 98900"- 6EE8C” »1921°2 [} 43:0 £EEL9"— 9
L818¢€" 2124%0°" 0ZBY) "~ 80900°~ €19%¢€" 6E69T1°C 182L1° 0000L * = s
8IESE" 298¢0° c6E»D - 0£500°- 1882¢° 1L0%1°2 oo%oL" 19991 °— L4
T2E1€° H99e0° €68E0°—~ 69%00°~ 0910¢" %0690" 2 £0%29° €EEEB - €
11¢9¢° 66820 ° 862¢€0° - 09¢00°~ YEYLT® 29¢06°1 62226%° 00006 *~ <
t8s81° 09020* »0€c0" - 94700~ 80LH2" £eEvey°1 £T69¢" L9996~ 1
12 039ls30 0=10 1V 1v6e1°~ =10 ISImML 0l OIlvY oI1lvy 12 3302 1S 8/ A2 NOTLVIS
1V OVO1 NVdS Qv 21ISva 1v dvDl "Qgov  3ng avol
(3NY1)S NO Q3Sve 10 HLIM
9NIQV0T TYNOILICOV
£6€L2° 08L.%0° €E6T0Y*~ 10L9% "1 TY6E1°~ €0560° OLYYY"S
3349530 ¥3d NV I1QVY ¥3d
TI/WD dd A 0=13 1V VHdIV (1SIML)D VHdIV 1)
SI1151¥31IVEVHD NOTLVUNOTANGD 3137dW0D
Yees0” 19560" 961¢0° 1 2Z066° 11 00000°1
( %B250° = (¥v=id)/1)
(2#x(GM)1D) 210D (aM)1D 1v 10D (am )12 YHdI¥ G31NdW0D 13 G3¥Is30
(NDILNIDS G313 ¥vd) 9vHa 03INCNI 1317
SI1LSTYILIVYIVHI ACOE~INTM NOILYYNDIINDGD 3L3TdWN0D

72



APPENDIX C

6$000°
02000 °
%1000°
»el00°
L6ETQ "
6Z810°
9€€20°
L1220

%8281 "
00000 °0
16665 °
68€90°
2Ls8e”
LETHE®
Ly95%H°
€6891°
16691°
TesL1”
Z94%91°
18251°
£86€1°
99921°
99401 *
S6ELO "
b3

65000°
02000°
»1000°
12%00°
10800*
L%010°
o%€10*
16110°

32404 9VY0 ¥0 GUOHI 3HL

952¢€0°
120%0°
€101 "
Sy610°
1992t1*°
L12161°
gecoe”
evest1”®
96£51”
»1091°*
196%1°
6L8ET"
ooLet*
Y0EIT"
884%60°
91290°
1D

658S4%°9

9€1e0”
6€910°
1%6€0°
10610°
Z9920°
98¢€20°
9e810°"
¥8800°

YEBLT"®
%10L0°
09691°
eoLet”
LEEBD"
0s6%0°
61210°~
65€00°~
$Z100°—
€9100°
06100°*
€4 100°
1L000"
22000°
01000°-
s1000° -
1102

MOY 3ISIMNVdAS HOVI WOYd
*4303 IviOL 01 SNOILNBIYWLNDD

=5)

69100°
10100°
0€03)°
10L23*
6L%ED"
SHeyD*
918%0°
13292°

(3HSINIZ4 SI 3SVD SIHL

ZLe9lLe =1)

%19%0°

SIN312134300 V104

65100°
10100°
0€000°*
6%510°
s6610°
10920°
9ete0”*
096¢0°

%¥8¢€80°
82¢80"
Z%e80°
L6690°
82990°
2%690°
96990°
Z29920°

= Z#%13/1102

000000
00000°0
00000"0
0T666%%S
01666°%%
01666°9S
01666 °%S
01666°%S

01 WY04NVId ONGI3S 3HL 30 NOILINSIBINOD

s88BY " $0.80°
»6498%°1 82%0¢"
Te9B1°1 L191¢°
96191 ° 651L0°
os11L” 6261¢€"°
80063 ° oLoLe”
9T 1 2LE0S°
08505 " 6985y~
y1ELYy”® YL62Y "
so6EY” L186€°
2660%° ceaLe”
2508¢e” 196%¢*
028ve”* sZ91¢”
2660¢t"° 69182 °
$¥1092°* L29¢e2”
Y1481 ° s2191°
ez/3 S) |2/2 1)

18921 %°
2e9ste”
F4: 7530
£94L9%"
g9L02*
82¢ee1”
9¢0€0°~
€L010°~
05€00°~
L0%00°"
4L%00°
S6€00°
Z6100°
»5000°
%2000° -
8£000° -~
8¢/2 110)

SIN3IJ3134302 NOIL1D3S

8TevL 6L
$8260°28
2628%° 6L
69569°¢9
69669°¢9
69569°€3
69669°¢9
OEYEL %2
DEHYEL"HC
OEYEL Y2
OEYEL w2
oeYeL*Ye
oevel*HvZ
0LYveEL*H2
0EveEL "2
OEhel*H2Z

319NV
d33MS °3

"1

501¢€0" -
€Y8L0° -
66€ECT" -
GL661° -
€9162°~
oeBle” -
16%8L° ~
BO9YY* -

S01€0° -
€98L0° -
66EET" -
51961"~
€9162° -
oe8IE” ~
L6Y8E*~
8099%"* -
69€09° -
L9996" -
€EEE9° -~
0000L"~
1999L° -
EEEEB"
00006° -~
19996° -
9/A2

NOILNT0S 01314 ®BV¥3N vV WD¥d MIVLEILY 40 379NV NVIOVY 3ND LV G31NdWOD
SOILST¥3LIVEVHD INIIDIJ44303 NOILONS ONV LSNYHLE 3903 INIQGV3IT ‘9vdd G3INANI

»Z
€
22
12
0¢
61
81
L1

91
[
#1
£7
21
11

~“NOTOOMNDODOO
et

NOI1VLS

73



APPENDIX C

11 44
sl 113
3SIMNVAS Ivioi

-

WYDINVId

NOILIVENIT4NOD 3HL 4D d4IVH 1437 3HL NO 03SN S3IDILY0A 3DHS3ISHOH 26

00000°0
00000°0
00000*D
000000
00000* D
00000°0
00000°0
00000*9
00000°0
00000*0

et pod md od el el e el ot

00000°0
00000°2
00000°0
00000°0
00000°0
00000C*0
00000°0
0000C*0
00000°0
00000°0

e d e O NN O e

3002 I19NY
JAONW IVHO3IHI]

NI3T1VdNOI4NOD STHL

¢  WdDdNVId ND S33¥993G 00000°0

1 WY04AVId ND S33¥93C 00000°2L

000000
66666"62
60000°06
01666°%S
01666*%S
0166645
00000°06
00000°0
00000°0
00000°0

000000
00000°0
00000°0
00000"0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0

SINIDd MV348 WYO4INVId ONDI3S

00000°0
£06%0° 21~
92602°9¢
1ev€L* Y-
00000°21
00000* 2L
69569° €9
9628%° 6L
%8260%28
8levl*6L

3TONY
d33MS

o1t

00000°0
00000°0
00000°0
00000°0
ocooo*0
00000°0
00000°0
00000*0
00000°0
00000°0
0000070

00000°0
0000€E 5~
00005 "% 1~
00008 * %1~
Y95ES ET~-
LZyLS* 1~
0000t 9~
0000€° S~
00006° 2~
00006°1-
00000°0

00000°0
0000€°S~
LZvis -
$0Z51°91~
S6440°0Z~
0000S°H1~
YSGEG €T~
0000£°5~
00006°2-
00006° T~
000000

Y03 SINIUd Nv3ug

1d43MS SI T 3A¥ND

1d3MS ST S 3AWND

“ON NOFLIVANOTINOD

10E€5" 62~
10€e5° 62—
£E9YYB e~
2988%°0€~
LTI 62~
88165°02~
0006€° LT~
00005°C1-
00005*01~
00005°01~
00005°01~

00005°01~-
00005°01~
969208°6-
$4819°22~
9812061~
82956° 1~
»0210°1
22219° L1
00009°0€
00008°L¢
0000€ " 8%

X

11
01

—-NAaAFNLEgN~NOO

11
o1

Ll A RE A TaTE - - .

IN1Dd

74



APPENDIX C

MOY¥ 3STIMIYOHD HIVI NI S3IDIL¥0A 3IFOHS3ISHOH 2

75



APPENDIX C

SNDI1d1¥2530 X31¥Y0DA 3I0HS3SYOH WHD4INVI4 CNOD3S

8809¢ " 0000070 00000°0 580%2°%9 00066 " 00000"0 00066 °— $Z908 °€~ 5218576
1Le2¢” 00000°0 00000 °0 bLsSlEe"8L 00056 * 00000°0 00056 °~ 5189622 S295€ °9¢
6920% " 00000°0 00000°0 989L9°69 0000%° 00000°0 0000%* ¢~ 08216 %~ 06292°9
bZyse”® 00000°0 00000°0 8933608 0000%¢"* 00000°0 0000%*2- osLey L1 0s219°62
e TAA A 00000°0 00000°0 Z6199°€9 »8les” 00000°0 YeTEY €~ 09022 "6~ 128¢8°¢
€655%° 00000°0 00000 "0 Zetzoee Y81€6° 00000°0 YBIEY €~ 2016E°¢l £8556°22
4822%° Q00000 00000°0 26199 €9 91899 ° 00000°0 »B1E9° Y- 86825 "9~ SCTHIH*1
2e029° 00000°0 00000°0 2e1eot8L 91899 ° 00000°0 Y3TE9* Y~ 60LSE"E Ze662°L1
»e9eYy” 00000~0 00000°0 €B035°52 L6B9Y* 00000°0 L689L°5~ 2Z1L6* 9~ oel102°~
slelL” 00000°0 00000°0 Z2BS56°6% L689%° 00000°0 L6891 "5 €9895°9 SSBEE LT
9evly 00000°0 00000°0 ¢B053G°6¢C 91899 ° 00000°0 11906°9— Y9¢S6 °9- 66698 °~
90698 ° 00000°0 00000°0 CBS56°65 91899 ° 00000°0 11906°9~ 99192°s T€69¢€°11
Z121%” 00000°0 00000°0 0EZZy 69 »19L6° 00000°0 1%065°8~ L299% *8- ER9LB C~
$96%6° 00000°0 00000 °0 »B81E6"C9 19l6° 00000°0 1%065°8~ 1921L"°¢ %020¢°8
Zelge” 000000 00000°0 0EZZ4°6S 91899 ° 000000 11%61°01~ 69T€0"11~ 19659°5~
95186 " 00000°0 00000°0 ¥81£6°29 91899 ° 00000°0 12%61°0T~ 9182 °— 8€480°S
L1%9¢° 00000°0 00000 *0 De2Zyres 91899 ° 00000°0 YOTES TT~ 29911 °¢1~ 62126°L~
9¢186° 0000070 00000°0 Y81E6°¢9 91899 * 000000 Y0T1ES 11~ $692L°2~ 6L694°2
BBE9L"* 00000°0 .006000°0 0¢elZe 6s 91899° 00000°0 L€198°21~ S6102°61- 06281°0T~
»E$96° 00000°0 00000°0 »81E6°29 91899 ° 00000°0 L€198°21~ 92491 "5~ 19641~
9189¢” 00000°0 000000 £2B0% 49 €28y ° 00000°0 LLLT0* 1~ 96650 °L 1~ 8602¢°21-
8L096° 00000°0 00000°0 22068°02 | X422 00000°0 LLILTO*H1- 61186 °L- 181%8°C-
1969¢° 00000°0 00000°0 £28I%°%H9 €09¢28° 00000°0 €092€°S 1~ 19€L2761~ €1260°61~
66G10°1 00000°0 00000 °0 22058°04L £0928° 00000°0 €092€°S1- 890€8 01~ $2609°9—
0680%* 00000°0 00000°0 622L6°62 21019° 00000°0 L1294°91~ €219 02~ 1982141~
SS3eE1*1 00000°0 00000°0 10651789 Z21019°* 00000°0 L129L°91~ 194948 *€1- $6096°01~
8ee8s” 00000°0 00000 °0 622662 91899 ° 00000°0 5%0%0°81~ YTIL8 61~ 9669841~
£6eEHy 1 00000°0 00000°0 10664°89 91899 ° 0000070 S%0%0°81- 85098 *S 1~ 0gss8 el
€026%°1 00000°0 00000 °0 622L6%62 91899 ° 00000°0 8191€° 61— S6%0E°6T1- €99€9°81-
9LLLZ 2 00000°0 000000 1055L°89 91899 ° 00000°0 BL9LEHT~ 01896 *L 1~ 19662° L1~
00000°1 = 1) SNVYIAvyY NIl ERbL FIONY %/2¢ %/)
03¥1S30 1V d3 ViTI30 VHJIV WA IVH03IHIC d33MS ¥/D S ¥4 A X X

G31NdW0D F¥Y SENIIDI34303 DIWVNACOYIV TWNIONLIONDT D11VLS

011 *ON NOIAVYNOI4NOD

VIVa DIWVNAODAH3V

T [ T W e v v L

76



APPENDIX C

00000°0

Y3EWNN HOVHW

H1ZHT°
#2881°
02¢s1°®
19891°
9eL91*
89%1°
ovLel”®
62901°
yy161°
220%¢€°
Ylesl”
96LBE”
#8091 °
80E Y *°
»2191°
€BeLY”®
19161"
2198%*
Z21921°
9868% "
B1590°
49604 "

£6202°1

¥yv 3NdlL

00000°0
00000°0
00000°0
00000°0
0000070
00000 °0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
0000070
00000°0
00000 °0
00000°0

6L9BS *2

00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000 °0
00000°0
00000°0
00000 °0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0

" 439

060000°0
00000°0
00000°0
00020°0C
00020°0
00000°0
00000°0
00020°0
sH2LB 1Y
86688°¢S
SHZLB 1Y
B66BB 25
SHZLB 1Y
3668B° ¢S
Sv2ZLB* 1Y
8668B"°CS
SHZLB 1Y
8563B°¢S
SHYeLB 1Y
B66BB°2S
SHZLlEe 1Y
B36538°¢5

S64%%0°02

/9

00056 °
000s6°
0000s°*
0000s*
»g8les”
»81€s”
91899 °
91899°
L689%
L689%°
91899 °
91899 "
»19L6°
$19L6°
91899°
91899°
91899 °
91899 °
91899°
91899 °
€ee8y*
€ee8y*

0026L°129

¥3¥Y 3ION3IW3II3Y

00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000"0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
000000
00000°0
00000 "0
00000°0
0000070

0L69)°9€El 6892E°LE 00056°01
v3yy 3INY¥l 39VY3AVY D QYOHD *J3¥
000S6° - BeeS1 " LZ~ €956€°22-
000s6°—- BELES L1— €161.8°21—
0000%*2- BBEST L2~ €996¢€ "2~
0000%°Z~ BELEG L1- €16L8°21-
Y81ey e~ 88€91°22~ £956¢€ 27~
LA RS A 1o BELES LT- €£16.8°21~
¥81€9° %~ 88e61°L2~ £956€°22~
8¢ v— SELEI LT~ €1648°C1~
L6B9L°G— 110€€°8Z— 9LYBE "SI
L689L°5 - 518e9*22~ 126%°61-
11906°9— 22801 °62— 90404 *9¢~
11906°9~ 16669°¢2- 91$66°0Z~
19066°8~ 2H2eZ 0~ 66118°12-
19066°8~- 96€26°6¢— Z21691°¢€2-
1L%61°01~ 2999€° 1€~ 1615€°62~
12%61°01~ 0ZLve" L2~ 6925€°62—
Y0TES T1~ 920L12°2¢— L16%5°0E~
Y0Tes 11~ 82628 °8¢~ 08B0T1°L2-
LELIB*CT— 06€B8T1°€E~ €9LlYL"TE~
LELIB 2T~ LETT1E"0E- oisl8*BZ-
LLLTIO*H T~ 2%0Ll6°cE~ €BBLLCE~
LLL10* %1~ geLes° 1€~ »966€"0€~

M



APPENDIX C

00000*0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0

00000*0
00000*0
00000°0
00000°0
oopo0*0
00000°0
00000*0
00000*0
00000*0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0

YOA U8 0YOHD
WO¥4 3300 1S

YERLO0" 00000 °0 00000°2 000000 otltLs" S6%SE”° 2L20e” 6€L%0°~
25160" 00000°0 00000°0 00000°0 oT1Ls” ELY9E" 88961° EL611°~
11680° 00000°0 00000°0 000000 otT1L6° 62SEE" B¥161° 121LT°~
11980° 00000°0 00002°0 00000°0 oTTLS" €2Z92¢° T€981° 107€2 "~
£6980° 00000°*0 000C0°0 ¢0000"0 66€G¢E" LZBZS* 6L981" 0o8L82"~
69L80° 00000°0 0C000"0 opooo*0 9s%2¢" 8»085° 0¥88T1"° EGHYHE -
€€580° 000000 00000°D C0000~0 66282° .E884H9° GEEBT” 969¢y "~
829.0° 00000°0 00009°0 00000°0 190%Z" 22189°* 16€91° r5B0S °—
16590° 00000°0 00000°0 G000G*0 0%90¢° 18589 ° Z9141" 9266 -
g62s0” 00000°0 00000°) 000000 6EZLT" »€559° Le211*" €6149°—
S6ce0° 00000°0 00000*0 00000°0 coey1” »1016°* 962L0° 26669° -
NDILINGIY¥ISIU GVDT NVdS 04 AHD3NVIJd ONOD3S 3HL 40 NOIINSIYINDD
EB6OS” 00000°0 00000°0 00000°0 18909° 1 6LT1B9* 05860° 1 6ELH0 "~
69.0%" 00000°0 00000"0 00000°0 9Z1%¢"1 LZEIB® 18060°1 €l611°~
t6€0%"° 00000 °*0 00000°0 00000*0 82Ll%1°1 18€%6° 28280°1 rAratey
teley” 00000°0 00000°0 00000°0 £€€S6" $6021°1 €9890" 1 101€C° -
91L8%" 00000°0 00000°2 c0000°*0 s5218° LZeBeZ"1 8L940"1 08LE2°~
t0%i%* 00000°0 00000°0 00000°0 90€eEL” Z968€°1 89810°1 EGYYE -
8l9s%* 00000°0 00003°9 00000°0 980L9° S0E9% "1 15186° 96924 "~
LE6ey” 00000*0 00000°0 ¢oooo*o LLY%9° ®ZH9%°1 60%%6° 65806 ° -
8ET1EH° 00000 °0 00003*0 00000°0 95¢€29° Y0Z5%°1 Y9 506° 961"~
£e00%"* 0000070 00000°*D 00000°0 $e 09" B0BZY"1 12098* £E6TY9 "~
vbliE® 00000°0 00000°0 00000°0 ¥889¢" 8LLley*1 B1Z1e" Z2€669°—
6805¢€" 000¢0"0 00000°0 00000°0 L9906° 1088%°1 96eEsL” 8G99L *—
L6H0¢€* 00000°0 00000°D 00000°0 91%6¢€"° €6299°1 1€659° €29¢8 " -
Le6EYZ" 00000°0 00000°D 00000°0 89042" 608LT1°2 t4A AN 00006 *~
2erst” 00000°0 00000°0 00000°0 €2080° s10s0°*% £6v2¢e” 19996 *~-
12 0341s30 0=1) 1v 00000°0 =77 1SIML 01 o11vy Ollvy 1D 4302 1S a/A2
1v avo1l NvdS 0v07 J21Sva Lv JvDY *04v  3NQ Qvol
(3NUL)S ND 035VE TI HAIM
ONIGVDT IVYNDILI0OV
00000 °0 ZHE01 " 8S6TY"° =~ 00000°0~ 00000°0 1%260° B¥%6682 "¢
334930 ¥3d NV 1QVY ¥3d
DW2 TI/WD d) A 0=TD LV YHdIV (4SIMLDTD YHdIV 1D
S311SI¥3LIVYVHI NOTLVENOTANGD 3137TdWDD
0o6221* 0L%5D° 18L218° 16L19°L1 00000°1
( STEZT® = (YvxId)/T)
(Txx(BM)TI)/10D (8mM)1D 1v 10D (8M)12 VHd W Q31NeWDD 1) 03¥Is3c
(NOILINTI0S 01314 dvd) 9v¥a GIINONI 1417

SITASTHILIVUVHDI AQDG-9NIM NOILVYNO14NOD 313VdW0D

97
5¢
%2
[ ¥4
(44
12
0z
61
81
21
91

- NN
et -

~“~NOTNOM~D OO
-

NDI1VIS

78



APPENDIX C

$9100°
$9000 °
19000°
00200°
9%100°~
12900°"
S%€l10°
25600°
9.820°
€6220°
2€400°

8183 "~
00000 °0
¥196¢C°
6€88¢°
s8911°
940%1°
260s2°
86581 °
14%961°
1€80¢°
s6lec”
99YlE"
29862 °
66€62C°
11622°
S?

$9100°
$9000°
19000°
00200°
48000°
96€00°
12200°
94500°
20500°
2€4%00°
84200°

33d04 9vH0 Y0 CQYOHD 3IHL Of

81.€0"
6ZS%0°
91%50°
$92s0°
82160°
62290°
61111°
14280°
40180°
1€260°
€SELD"
TL611°
22260°
$8060°
080L0°
13

MOY 3SIMNVd

90526°S

$6620°
0ssl10°
01910°
€9¥B10"
- 12610°
60210°
99120°
1s210°
1s010"
10800°
62€00°

- 9610C°
SZHH0°
»c0%0"
€9%90°
81820°
196%0°*
409%0°
11120°
%2210°
10200°
92600° -
1s¢10° -
19920°~
LEEE0" ~
L16€0° -

1102

S HIV3 WD¥d

* 4309 T1i01 DL SNOIINGIYLNDD

=S)

%1900°
$0600°
94%%00*
€9110°
60210°
909€2"
149€5D°
22860°
Z8050°
L9€%D*
GLyED "

91258°~
BBOSS° ¢
Lye91°¢
19¢€L3°1
01995 °

89518°

ZL955°

$26L0°1
6LEET" T
88802° 1
OEels°1
INNATRA
15968°1
9090L° 1
Y562E°1
8272 S

O3HSINI4 SI 3SVYD SIHL

L2s581°2 =19

Z8%01°"

SIN3IDI144300 viol

%1900°
40s00°
994900 *
€9110°
€6900°"° -
89020°
€90t0°
191£0°
s1620°
s0620"
%6610 °

yLIGT -
260s¢t°
6896¢ *
8460t "
2182y ”
9%19¢ *
R AR 4 A
9zZeLy*
80509 "
0LGES”
$2166°
BIEYS®
1098 °
02i2s”
6801y *
J 82/ 1D

gZzzZ1*
gcoet”
6eL11"
£690T"
6L921°
02660°
€0980°
292L0°
9609 0"
»89%0Q°
64920°

28848°
areve”
21%62°
osyLe"®
96L€2"
41982°
98281°
892e1”
901120°
99110°
YHh9l0° —
cHYE90° -
60691°~
€9¢e61°~
60%02° -
8e¢/7 1109

SAN3ID144303 NOL1LI3S

= Z#%12/110D

00000°0
00000°0
00000°0
00000°0
0T1666°%S
01666495
01666°4%S
0T666°%S
01666°%5
D1666°%S
01666"%%

WYD3NV1d ONOD3S 3HLI 40 NOILNGIWINOD

81EYL 6L
»8260°28
9628%°6L
9628v" 6L
69669 °¢€9
69569°¢9
69669°€9
69569 °€9
69569°¢9
69669 °€9
00000°22
00000° 2L
00000°2L
00000°2L
00000°2¢2

3TONV
d33IMS "3

-3

6€1%0° -~
€L611°-
T2t -
Lotec” -
08182° -
€SHYYE” —
959¢H "~
6580S° -
9ZGalse "~
€6199° ~
2e669° ~

6€1%0° -
L6611~
(T AVE Ay
L01€2" -
oglee” -
133 44 2
9692%° -
65806°~
926LS° -~
E619G° -~
2€669° ~
8S599L" -
€29¢€8° -
00006° -
19996" ~
8/7A2

NOTANTIDS 07314 BY3N V WOY¥3d NIVLLY 40 IIINV NVIOVY 3ND LV 031INdWOD
$2IASI¥3ILIVEVHD IN3IDI34300 NDILINS ONV LSNY¥HL 3903 ON1GV3IT *9v¥Q O3 INANI

ST
v
€T
21
11

“NOAT N O~MDOO
-4

NDILVLS

9



APPENDIX C

0000D2°2
00009°)D
00000°D
00022°3
00000°0
00000°)
00022°)
00000°2
00003°D
00000°2
000290°)
00000°2
00000°D
00022*°)

ol ok el b pd ol pd el ol el o=t

3000 ERBLLY
3A0DKW Ivya3410

000000

00000°06
9%99¢°¢

1%0L6°81
1e21%°2¢
LleElBs sE
6CE9E"CE
L1526"0¢
00000*06
9%216°%9
%0924%°89
61996°€L
00000°06
E1Y16°28

39NV
d33MS

00000°0
00S8L6°~
00516°—
005.9°2-
00822 y-
000s8°S—
000€0°8-
00054 *6~
00ZT%* 11~
0021%°11-
000S¢Z *6-
000€0"8~
005i6°~
00sL6°~
00000°0

433
A

WYDINVTId 3DN3¥343Y 3IHL ¥0J SINIOd Mv3Ive

00000 °0 = (S)A 00000°0 = (S)X

S3AUND T SVH WICG4INYId IIN3YI43Y

NOILAISOd 10AId d33MS 3ITBVIUVA

ViVO A¥13WO39

00sZH* 21~
0082421~
0059401 -
006%5°01~
00560°11-
00s60°21~
00669° €T~
00SH L "% T~
00seL ST~
00S%E"HT1-
00s6L°01-
00SH%*9—

00s01°81

00s06°62

00s2e° ¢

43¥
X

00000°0

s1
51
€1
et
u
o1

-NO PN DO

IN10d

1H913H QYDHD 100OY

80



APPENDIX C

€1 6 6
(WYO3NVId 1SuTd4 HLIM ONINNIO38 100d Ol dI1 WOYd) MO¥ 3ISTMOYOHD HOVI NI SIDILUO0A 3DHS3ISY0OH 40 378V1
L 19 1
ISIMNVLS avios WYDINVId

NDILVENO14NDD 3HL 40 J1vH 1437 3HL NO a3asn S3I2I1LU0A 3DHSISUDH 19

00000°0 00000°0 0082421~ sl
1 00000°0 00000°0 00000°0 00SL6"— 0062%° 21~ %1
1 00000"0 00000°06 00000°0 00sL6°— 00S%%° 01— €1
1 00000°0 9%99¢°¢ 00000°0 00529°2~ 00S%5° 01~ rAt
1 00000° 0 140,681 00000°0 00SLC°Y- 00560° 11~ 11
1 00000°0 1e21%°ce 00000°0 00058°6~ 00560°21- o1
1 00000°0 LELBS GE 00000°0 000£0° 8- 00S59°¢€1- 6
1 00000°0 62€9¢€°C¢ 00000°0 000SL 6~ 00SHL" 91— 8
1 00000°0 L10626°0¢ 00000°0 0021%° 11~ 0062L°S1- 1
1 00000°0 00000°06 00000°0 0021%° 11~ 00SYE Y1~ 9
1 00000°0 9%216°%9 00000 °0 0006L°6- 00S6L°01~ 1
1 00000°0 $092»°89 00000"0 000€0°8~ 00SY%* 9~ k4
1 00000°0 61996°¢tl 00000°0 00616° - 00so01"81 t
1 00000° 0 00000°06 00000°0 006L6°— 00506°S¢ Z
1 00000°0 £1%156°28 00000°0 00000°0 0052¢€" €t 1
3009 ERbl L 3T9NY
3A0ONW IVY03HIO d3I3MS b4 A X INIOd

NIILVYNOI4NDD SIHL ¥03 SLINIOd Xv3ue

1 WY¥D4NVId NO S33¥93Q0 tl1vis°ze 1d43mMS SI 1 3A¥NID

sl *ON NDI11V¥N9Id4NDD

81



APPENDIX C

18988°
L2890°1
60698°1
[ATX4 M
Zstes”
0lLs29"
6666L°
€06%8°
s8¢Z6°
L6%L0°1
929%€° 1
0€0evy*2
%00¢s*
YoyvlLL"”
56906"
168¢€0°1
»20S81°1
26%92°1
9LGHe"1
89208°1
18182°¢
Ziv19*
829€6"
10102°1
EET9% "1
YBQLL T
18201°2
6€20.°2
$2692°S
69%02°1
290161
%0008 °¢
§199S*S

00000°1 = 19
034IS30 iV d2 viI30

0%050*
00L20°
00T10"~
00860 °
00160°
00s80°
00%80°*
006L0"
00L50°
00L%0°
0L€10°
0s0e0*~
oo611*
00911"*
00860 °
009%60°*
ooeso”
05990 °
050s0°
00610
050€0°~
ogveL”
Oevel*
ogyetl-
06EET *
09zer*
05160°
00940"°
0l%80°
0.681°
0s0L1°
00941
096¢1*

SNViavy NI
VHdIY V201

00000°0
00000°0
00000 °0
00000°0
000000
0000D0"0
00000°0
00000°0
006000°0
00000°0
00000"0
00000°0
00000 *0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
000000
00000°0
00000 °0
00000°0
00000°0
00000°0
00000°0
00000°0
00000*0
00000°0

ITONV
TVY03HIQ

031NJWBI 38V SINIIDII44300 IINVNAGDYIV WNIONLIONOT J11viS

148099°2L
S0S%S vy
€2L90°9L
Y6ET10°9%
BS539° %5
€60L2°09
1158159
12L5%°89
SEB30°TL
Z9060°EL
918EL" %L
BD660°92
T98E€° 8%
L91T1°9s
S1559°19
T9LEL*S9
Se0¥8°89
21692°1L
18622°€L
€BISL YL
BBLIT*92
Ly156° €y
BZOYZ°1s
9508L°95
82090°19
LEQEY*H9
SO9ET1*L9
589%E£°69
30281°1L
v1292°9%
1L93¢€°9¢
16210°¢€9
Te€ls°19

319NV
d334S $/2

s1

00008 *
00008 *
00008"°
osi8L*
osLeL”
oszeL*
osLgL”
oszer*
0sL8L"
oszetL*
(17X
0s182°
00060 °1
000601
00060"1
00060 °1
00060 *1
00060°1
00060 °1
00060"°1
00060°1
0009¢"*
00098 *
00098 °
00098 *
00098 *
00098°
00098 °
00098 *
001¢e8°
00tes*
001€8°
001€E8°

S

00000°0
00000°0
00000"0
00000°0
00000°0
000000
00000°0
00000°0
00000"0
00000°*0
00000 °0
00000 *0
000000
000000
00000 °0
00000°0
00000°0
00000°*0
00000°0
00000"0
00000*0
000000
000000
00000*0
00000°0
00000°0
00000°0
000000
000000
00000 °0
00000 *0
00000°0
00000°0

"ON NOI11VY¥N913NDD

ViVa JIWYNAGDYIY

006ty €~
00S2% e~
00514 €~
05290°5~
05290°5—
05290°s~-
05290°6 -
06290°5~
05290°5~
06290°5~
06290° S~
06290° 6~
000%6*9~
000%6°9~
000%6°*9-
000%6 *9-
000%6°9-
0004%6°9—
000%6°9~
000%5°9~
000%6°9~
00068°8~
00068°*B~
00068°B-
00068°8—
0006878~
000688~
00068°8~
00068 °8~-
00185°01~
0018S°*01~
00185°01~
00185°01~

84522°¢
9L2LYy°S
Y¥002L"2
0Ts91 11~
T1Ss%% "6~
c692L "1~
£€900°9-
Y1982y~
s1196°2~
95148 "—
€ozZLe”
29165 °2
e0165°21-
1G5y 11~
SZ6TEQT~
LEEBT 6~
CAZA (o hd: b
651169~
14644 °5~
286E9 Y-
€6£0S "€
29520°%1-
Z18Z¢e €1~
290€9 °21~
ZTIEE6°1T~
298211~
Z18EG 01~
290%8 “6~
Z1EHT 6~
Y%890°S1~
612049 %1~
Y6S€L"ET-
69690° €1~

%/3¢
X

Z16%E"Yy
0%965°9
89¢v8°8
T1€50€°01~
2LsBS 8-
€1998°9~
Y9541 g~
$6924 €
9€10L" 1~
€ceto”
Z2B1eL"T
T#1s¥%°¢
80€C0"21-
02iLe8*01-
TE1SL %6~
Z4519°9~
bS6LY°1~
S9EHE 9~
91102°5~
88120°%-
665¢€6°2-
LE929"€ 1~
LE616°2T1~
LB818Z2°21~
LEYBS I~
LE988°01~
LE6ST 01~
LET6% 6~
Level g~
TESEL O~
90690°%1-
1820%*¢T1~
969€L"21~

/)
X

82



APPENDIX C

000%s* SEIIN°1 €9929°1 0021%°11 00889°02¢ 12652°95¢€ 91695 °61 005S1°61
Y3IGNNN HIVKN v 3Nyl ¥V °*d3¥ /98 v3yv 3IN3IY¥3IJ43Y VIYv 3INxl 3OVY¥3IAV D QYOH) * 43
BSLS1” ooL80° 00000 °0 ELBYS*LY [-7X:L A 00000°0 09lBYy*~ ¥5919°11- 29666°6-
12¢9¢° 00.80° 00000°0 94955 “0¢ osL8y* 00000°0 0siBy*- 6978t “B— LLS9L79~
S09L%* ooLB0* 00000 °0 2985€°29 0sL8%*® 00000 °0 0GLBY "~ S88¥1 °5- Z61es°e-
19526° 00LB0* 00000°0 B1E2ZD*69 osi8v* 00000°0 0siBy* - 00sT6° 1~ 80862"~
09¢65° gogot” 00000°0 LLS5ST1%EL osL8y " 00000°0 05L8% - G88IE°T LiIsE6°2
61909 ° 0oco01* 00000*0 1»196°5¢ [1278:4 00000°0 0SLB%°— 69255y 29691°9
61L26S" 00eo01* 00000 °0 696L6°LL osL8y” 00000 °0 0518y~ 45984 °L I4%¢0% "6
81165 ° ooeotl” 00000°0 5106%°6L 0sL8y* 00000°0 0GLBY "~ 8€0C0°11 TELES"ZT
ev0es” 00e01" 00000°0 418899°08 (27X 4 0 00000°0 0SBy~ €2952°y1 s1118°91
1€992° 00€e01* 00000 °0 €s119°18 osigy* 00000°0 osLey - 8088%°L1 00S01°61
sT9LT” 00L%0° 00000°0 [ X443 04 osig8y* 00000°0 0618%°~ 2612102 11:1:1 2 2 44
82802" 00000°0 00000°0 LBE20"€® DETR:S A 00000°0 0sigy - L1556°€2 69216°52
L9SHH*° 00000°0 00000 °0 »2395°¢e8 osigy* 00000°0 0sipy - 29681°L¢e ¥5908°8¢
L0Z62" 0yes0” 00000°*0 L6922°¢2 000s8 " 00000°0 00s28°1- aLesL 6~ sigse e~
191e%” 0%890° 00000 °0 $923L°0% 00058 *° 00Q00°0 00s28°1- 65€E6 "9 20606°5-
L292s° 00€80° 00000°0 L51B9°2s 000s8° 00000"0 00s28° 1 94480 " Y- 68659°2-
€6166°" 09¢60° 00000 °0 LIEHY 09 00058 * 00000°0 00528°1~ €ESET "1~ y2681°
L¥ls9°* 00860 ° 00000°0 8620L°69 000s8 " 00000°0 00s28° 1~ 08e19°1 1€8¢0°¢
Y4919" 02¢80° 00000°0 €0Y¥H°569 000s8° 00000°0 00s28° 1~ €629v "y 06lB88°S
0160L " 00020°* 00000°0 96612721 00058 " 00000°0 00528° 1~ 9021€°L €£99¢L @
£95¢€8° 09190° 00000°0 THISE*HL ooosB* 00000°0 00s28° 1~ 61191°01 9168¢°11
$999¢° 1 08110°* 00000 °0 €6SE0°9L 00068 ° 00000°0 00s28°1~ CE0T10°€1 68%EY°H1
9622¢° 058l0° 00000°0 ¢OETL"SE 00008 * 00000°0 00Siy~E~ 8188Z°01~ YSYET "6~
eL16%" 00860 " - 00000°0 £6595°8Y oogoe* 00000°0 00GLy°E~ 06010°8- 92.88°9~
€vL6S” ootot* 00000 °0 18511°Ls 00008° 00000°0 00SLy°E~ €9E9L "G~ 666€9°H-
889L9" 00Z60" 00000 °0 €0086°29 00008 * 00000°0 00SLy"e- SEP1IG"E~ 1226¢°2~
€180L" 001L0° 00000 °0 L9591°19 00008 * 00000°0 00SLy°E- L0692°1- EHSHT -

0666L° 06210° 00000°0 €tvLz*oL 00008 * 00000°0 00siy°E~- 128L6° ¥8101°2Z

83



APPENDIX C

58

00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0

YOA (9 O¥OHD
WOYd 4302 S

%lc” YESH0”
S2 12

MOY¥ 3SIMNVdS
*430D Tvl0l 01 SN

8%051°1
SI%11°1
160L0°1
$1000°1
82688 °
€961L°
99ELY "

17 43¥is3do
1V QYU NVdS

LLIETD "~

OWD

( S6561°
(ZanigM)

(NDIINTDS

180"~
110D

HJIV3 WO¥J
DILNB1YANDD

$H0656°
82/) S3

6620%"°
8¢/d 1D

20611°-
a¢/d 1100

SINI1J133300 NDILDO3S

99216°4%9
3TONV
d33MS *3

81126°~
8/A¢
"7

NDI1NADS G313 ¥v3IN V WOUd NIVLILY 40 3ITINV NVIOVY 3ND 1V O031INdWDD
SOT1STY3LIVYEVHD UIN3IDI44300 NOLLIINS OGNV L1SNYHL 3903 ONIGV3T ‘9

S0€C0 " —
$0820°—
B1810° -
80500~
2e600°
06020*
L90€0°

0=17 1V
ov0 DJ1ISva

988%0 "

TI/WD

Y67261°
66261°
90e61°
Ligol*
SEE6T®
L9E61°
82%61°
0L1561°
G96661°
Z1%2e”
120e2"
= (Yv*xid)/
1217102

01314 ¥vdy)

2lee1 "
L6LB1°
€6L1”
£€Y691°*
18941
66%11°
61940°

954%97 * =72

1v Gv3Y *oav

- 9522y "~

dd A

20011°
16661 "
SQ19T1*
%€091°
£1991°
6BSET"
48901"

1SIM1 0L
anag avol

LITHC S~

0=12 IV VR4V

0600L°2
T%4%9°1
14662° 1~
6Z%66°
6L969°
6985¢"
et

OoIlvy D

96%91°

[1SIML)TD

verey
80891 °
¥58¢6°
100211
YZHey 1
12651°2
¥9566°¢

orIivy 10

V30 G3INGNI

4000€" 1
YEs92°1
9690¢° 1
19€11°1
€8vile”
9CHLL®
06215"

4303 1S

1
NOI1iVIS

CLEHO "~
26651 "~
0s%0e°*—
19€H% "~
£1809 "~
006LL -
fTL¢6°~

a/42

(3NY¥1}S NO 03Sve 1D H1IM
ONIOVOT TWYNDILIQOV

6ETE0"
33¥93GC ¥3
VHd

SOI1SI¥3LIVEVHD NOIEVINIIINGD 313T1dW0D

H6261°
4212 04
9ce21°
S9%60°
19590"
h390°
60T€D°
19L13"
0082)°
%2200°
0€c00"

1)

(8M}12 1v 10D

9vdd 03INON]

00000"1
00006°
00008°
0000L°
00009°
00006*
0000%*
0000t"
0000¢"*
0c0o1*
00001° -

(4M )12

1417

SI11STY¥3ILIVYVHD AQOE-ONIM

VHd

6.861°1
d NV ]avy ¥3d

wv

6501992
1A T4 Al ¥4
T10%v2°02
88460° L1
%9698" €1
T%%89°01
LT166%° L

£6ETE Y

02821°1

%6950° 2~
104298~

LACERT L ()]

00000°1
00006°
ooo08*
gooozL*
00009°"
0000%"
0000%"
ooooc*
00002"
0000T1°
00001"~

12

NOILVYN9I4NOD 3137dW0D

NSO~

NOTLVIS

84



APPENDIX C

00000°0
eLELT”
669"
osL1¢e”
Y6E16*
Glsle”

26910°
86L%0°
€0690°

69180°

S6THT"
01911°

Y9166°¢

862780°
sst121®
11€80°
%5060°
$5520°
L1T110°~

=53

BOSESH®
S6LIL®
€9162°1
1291%°1
€2959°1
€9682°1

G3HSINI4 SI 3SVD SIHL

€005T°1

=13 15002°

SAIN3 13144300 WIOL

681C2T1*
62861°
() £ X1} g
ST16€"
YH16%*
129LH°

0616%"°
6220s°”
€6%9¢€°
2ysec”t
62280°
€£95%0°"

= Z*%32/110D

eT1H15°28 ZL2Zn0" -~
6L996° €L 26651°~
6L996°¢EL 06%0¢*—
6L996"¢€L 19¢€9% "~
6L996°¢l €1809° -
209Z2%° 89 006LL" -

NI~

85



APPENDIX C

MOZ 3SIMIB0HD HOVI NI S3JI11Y0A 30HS3SYOH E

61

ISTMNV S

LS

wvioL

1

WYDd4NVId

NOILVY¥NOI4NDD 3HL 40 47VH 1337 3HL NO O3SN SIDILWOA JOHSISUDH LS

ol el et el pf ol bt o el gl g g

3009
IFAON

1

00000°0
00000°)
00000°0
00000"0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000*0
00000°0

JTONY
VY0310

00000°0

00000°06
9999¢°¢€

1%0L6°81
1€2t%*2¢
Lle€lBS°SE
62€9€°2¢€
L1625°0¢
00000°06
99216%%9
$0924°89
61996°¢€l
00000°06
€1H15°28

FTIONY
d33IMS

00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000*0

0D0o00"0 00sey* 2t -
006267~ 0062%° 21~
006L6° - 00SY%* 01~
00s29°¢~ 00s%»s° 01~
00sL2 Y- 00660° 11—
000s8° S~ 00560°21—
000€¢0°8- 00659 ¢~
0006L°6- 00SYL"H1~

Do2IY 11~ 00s2L°S1~
0021%°11- 00S¥E " H1~

000SL°6~- 0056L°01~

000€0°8— 00svy°9~

00S26°— 00s01°81

00626°— 00%06°92

00000°0 0052¢€° ¢t
A X

NOTAVYINOIJINDD STHL ¥03 SINIOJ MNv3ug

WYDdNVId4 ND S33¥930 €1%15°28

512

143MS ST T 3A¥ND

*ON NDYAVYND I4NDD

ST
21
€1
<l
11
o1

NN ETNON~D

INIDd

86



APPENDIX C

22589°

1096L°

6059€° 1
YH168°

€6920°1
L5¢6L"1
198%0°1
e9¢ece"1

0sL2¢€"¢
10882°1
T219L°1
98920°¢
2L62%°1
YgE12°¢
t(l1E6"E
106251
0e66%°2
L6T120°%
8669L°1
9Z¥e6°2
Y96e6°S
Z9566°1
0L609°¢
T161%€°L
11360°2
19996°¢
56666°8
960B1°¢
»8915°
11%06°01
S19s6L°1
09968
0802921

00000°1 = 12
(341530 Iv 42 vi13dQ

00000°0
'00000°0
00000°0
00000°0
0000070
00000°0
0000070
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
0C000°0
00000°0
00000°0
00000°0
00000 *0
00000°0
00000°0
00000°0Q
0000070
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0

SNYIavy NI
VHJIV 1v201

00000°0
000000
00000°0
00000°0
00000 °0
00000"0
00000°0
000000
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000~0
00000°0
00000°0
000020
00000°0
00000°0
00000°0
00000°0
000000
000000
00000°0
00000°0
00000°0
00000°0
00000°*0
00000°0
00000°0

379NV
IVY¥03IHIA

19%86°LG 0s0l%*
06658°69 0s0L%*
696%%"SL 0s0Ly*
19435626 ooL1e"
06G958B°69 ooL1e”
596%%° 51 ooL1E"
58501°65 0095+ "
Y9e21°0L 009s%*
263L%°sL 009s+%*
68601 °6S o0L1€"
Y9e21°0L ooL1e”
26BLY°SL ooLtie”
68501°66 o0L1e"

Y4e21°0L ooL1e”
2sBLY 9L ooLie”
9LLIL"2S 00922"
ZLLLTH9 0092¢Z°
Y695%°0L 009¢eZ*
9LLIL®ZS ooLte"
SLLLT Y9 ooLtie”
Y5954°0L ooLte”
9LL9L°2s 00LT1e"

CLLLT %9 00LTe"
»695%°0L ooL1e”
S59EEZT6Y 00L61°
€5976°09 00261°

9169219 ooL61”
GGEEZ"6Y ooL1e"

€9996°09 00LIE"

9169219 ooL1e”

SOEEZ6Y o107 & 2

€6996°09 ooLte”

LbYC L9 oorte”
319NV

d334S %/3 S

031NdW0J

00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
000000
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
000000
00000°0
00000°0
00000°0

S1 d33

ste “ON NOI1VYN9I1d4NOD

VivOo JIWYNAGODY3Y

08SHL° Y~
05S%L *Y-
09SHyL Y~
00€€S°S—
00€eeS"S~
00LES "5~
0090g °9-
0090 *9-
0090€°9-
00610°1-
006L0" L~
00640° L~
oo€l1L™L-
00e1LL—
00eT1L"L~-
009%Z°8~
30962°8-
009s2°8~
00661 °8-
0066L "3~
0066L 78—
00EEY "6~
00€E% 66—
00eey*6—
00L%6*6-~
001%6°6~
00L%6"6~
0019%°01-
0019%°01-
0019%°01~
00560° 11~
00S60°TT1-~
00560° 11~

68820°01—
165696 °y—
18688 °
8GSTL°0T~
86200 °9-
BE06Z 1~
SEEY 11~
Zs1ey L-
696¢Y° ¢~
16H61°21~
86%.8 *8—
04565 °S~
(2347 A g
88860°01—
Lye9e "L~
80EEZ e 1~
£52L6°0 17—
g611L°8~
967299 °£T1~
IR0 7 O g
LelZB 6~
L8%91 491~
€6199°21~
660€T° 11—
BELGS "Y1~
92ZHE"ET-
€1Le1°21-
01926 °%1-
19926°¢1~
2€920°€1~
€2eReEST-
»886L 91—
Y55l * 91—

¥/2¢
X

0266Z2°1-
286€8° 1~
96619°¢
8265¢€°8~
89949 °¢ -
16590°1
YHLIH 6~
196¢%°5~
8LEHYY " 1-
814%16°01-
619¢2°1-
19666°¢~-
65904 11—
81T1L°8~
92510°9-
18201721~
922%8°6-
1L186°1~
12%0L°21~
21981701~
£2698°8-
0%90% €1~
94688 11—
2621€°01~
ZRE6H6°ET-
69%€L°21~
LS615°11~
09164 " »1—
ZH106"¢€ 1~
€2166°21~
£5020°G6 1~
LATA L b Aty
YlEZ8 €T~

%/3
X

87



APPENDIX C

000%s*

YIBWNN HIOVKW

86810°
Yoy 20°
€8900°
€L490°
2sL60°
T1%610°
ZSBET”
99¢E1 "
12861°
2€002"°
9190¢°
aHs1E”
92082 °
#190¢€°
9859%°
2806¢c”
$568¢°
08809 °
s08Zy”
Yl184°
oozZLL"
OELES”®
92119°
€6910°1

SEI9Y "1

4v 3Nndl

00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000 "0
00000°0

£E9%e9 -l

00000°0
00000°0
00000 °0
00000°0
00000°0
000000
00000*0
00000°0
00000°0
00000°0
00000*0
00000 °0
00000°0
00000 °0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000 *0
00000°0
00000 °0

* 33y

»19€1°99
es%3e°6L
0sDZ1°¢8
»19E1°99
25%32°6L
06021°¢8
EHY19€° LYy
Ls1zZL*eL9
250%¢°sL
evive Ly
LSTZLLY
<5042 sl
eY1Ie° Ly
1912119
2650v2°sl
16632°¢S
02Z828°89
oLYyve*SL
16632°¢€S
0Z828°89
DLYYE*SL
16632°¢tS
02828°8B9
oLYYE"SL

03HSINId S1 3SvD SIHL

98621 "~

00ZT%°11

Z/9

osoLt”
0s0L1"
0s0L1*
0o0L1E"
00L1€E"
ooL1e”
00%91¢*
oo91ez*
o0912*
ooL1e”
ooL1€"
ooL1e"
00L1€"
ooL1e"®
ooLie”
00991°
00991°
00991°
ooL1e”
ooLte*
ooL1E"
ooLtTE"
ooL1e”
ooL1¢e"

=d1]

00889 "0Z¢

V34V 3ON3¥3I43d

00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000 *0
00000°0
00000°0
00000°0
000000
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
0000070
00000°0
00000°0

12682"6S¢E 91895°61
v3yy 3Nyl 3IVU3AY D
050L1°~ €902L *8~ 6811E°1-
0s0L1°~ $8960°9 09s06°¢€1
0s041°- YE916°0¢ 80€2€°8¢
00869 °— 08620 °6- 6E6EL "2~
00869° - 201985 °y €HTHE" 11
00859 °~ »81¢1°81 G2226°%2
ool61*1~ 210%1°8~ »64%06° €~
00161°1- #20€1°1 29%491°S
00T161°1~ 0900%°01 L15€0°s1
00%2L°1— evele 8- Y1266°¢-
00%2L° 1~ 16t ” €50219°%
00%2L° 1~ 11,1006 662¢€°E1
008s€*2— SHIYs 8- 99TLG6 Y-
008s€E°2Z- 98109 °~ »6.9¢€°¢
0085¢€°2- YllEe®L H6L0€° 1T
001%8°2- 2606L°8~ 2984%0°s-
001%8°2~ CEIHE T~ 9666¢€°¢
00T1%8°2- s2880°9 Y609L°6
00%2e e~ L1e%0°6- €ECH6S G-
0042t e~ 6YEY1 °Z- S€90¢€°1
00»Ze" €~ 6196L°Y €0902°¢
00866 €~ 089Z%°6- 2€80E°9-
008G66° €~ 18681 °¢~ 14%120°-
00885 €~ 90L%0°¢E 26591°9

88



APPENDIX C

MOY 3ISIMIUYOHD HIVI NI S3IDILYOA 3IOHSASYUOH 21

8

ISIMNVES

96

avict

WYO3NVId

NOTLYYNOIJNDD 3IHL 4D 3TVH 1437 3HI NO G3SN S3D11¥0A 3DHSISUOM 96

00000*0
00000°0
00000°0
00000°0
00000°0
00000*0
00003°*D
00000°0
00000°0
00000°0
00000°0
00000°0
00000°90
00000°0

L B B B A B R I I I B )

30092 IONY
JADNW Ivda3I412

00000°0

00000°06
9499¢e°¢

T%0L6°81
T1€21%"2¢
LELBGTGE
62€9¢°2¢
11626°0¢
00000°06
9%Z2T16° 499
$092+°89
61996°€l
00000°06
€1416°28

3IINY
d33MS

00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00Q000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
000000

00000°0
00616°—
00626° -
00629°¢2~
006L¢2°%-
000sB° G~
000€0° 6~
000SL 66—
202T%* 11~
20C¢1%° 11~
0009L°6~
000e0°8-
006L6°-
00sL6°~
00000°0

NJITiv3NSI4NDD STkL HO4 SINICH Wv3¥g

T W3D3NVId NO S33¥930 £1%15°28

51¢

1d3MS ST T 3AYND

"ON NCI11VdN9I4NDD

005e%* 21~
0062421~
00s%%°01~
006%6° 01~
00s60° 11~
00660°21~
00699° €1~
00SHL 4T~
0062L°6T-
00SveE*H1~
00s6L° 01~
006%%°9~

00501°81

0050652

0062t €E

ST
%1
€1
el
1
01

NN OO0

ANIDd

89



APPENDIX C

610e%"1
€v¥L05°1
Lylys°1
Tiges 1
569496 ° 1
96226°1
125€8°1
0980L4"°1
10e6L°2
86L9L°

€111l
912%¢€°1
02ees”1
90989°1
£6028°1
L1es6"1
12201°2
ae862°¢
S0%19°2Z
€2082°¢
160%1°9
#90¢8°

8¢el9¢°1
82919°1
0€026*1
28402°¢
(12 Y45 Add
91eLL e
18901°¢
£1EYSTE
59602 %
00926°S
L0628°01

00000°T = 1)
a3¥1S30 1V 42 V1130

00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
000000
00000°0
00000°0
00000°0
00000°0
00600070
00000°0
0000070
00000°0
00000°0
0000070
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0

SNVIUVY NI
VHdIV W01

00000°0
00000 °0
00000 °0
00000 *0
00000°0
000000
00000"0
00000°0
00000°0
00000°0
00000 °0
00000°0
00000°0
00000°0
00000°0
00000 °0
00000°0
0000070
006000°0
00000°0
00000 °0
00000 °0
00000°0
00000°0
0000070
000000
000000
00000°0
00000°0
00000 °0
00000°0
00000 °0
00000°0

ITONY
IVY03HI0

£6996°19 qZetTL”
62B50°69 SCETL”®
66389"LS FYAR Y
S1099°59 S2elL”
0055¢°1L GCETL"®
czeLetiL S2eTL”
OBYET* YL YAV
68L22°5L SlelL”
1B281°9L G2elL”
9593L° 1Y 00098 °
10BEC LY 00098 *
BOT9L"1S 00098 *
L20E5°SS 00098 °
68E69°BS 00098°
89TLE"TY 00098°
e1869°¢3 00098 °
6ELZI®S9 00098°*
QZLEE"LS 00098 °
CELEB*BY 00098 "
$9151°0L 00098 °
1602€° 11 0009¢*
26E6T°6¢C 001¢8°
D%€80° %Y 001€8 "
%GDBZ°BY 001¢8°
o1988°1% [0 J0) §22- A
B9EHH"HS (/101 4% : 2
DBYB9°LS 001e8 "
%1820°09 001e8°
2608029 001¢e8”
59888°¢€9 007¢€8"
BEDHH°G9 001¢e8"”
92116°99 ootegg*®
9851°89 001e8”

ITONY
d33MS /) S

031NER0OD ¥V

000000
00000°0
00000°0
000000
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000"0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00006070
00000°0
00000°0
00000°0

©7) ONV OWD

sle *"ON NO11lV¥N9Id3NDD

ViVa DIWVNAQOY3V

SL9TE" L
sL91€° L~
SL9TE" L~
5191¢€°L~
5191€° L~
GL91E 2~
SL91€" L~
SL91€E" L~
Gl91€E" L~
00068°8—
00068 "8~
00068°8—
000688~
00068 °8~
00068°8—
000688~
00068°8—
00068 °8~
00068°B~
00068°8—
00068 °8~
00185°01—
00185°01~
00185°01~
0018501~
00185°01~
00185°01~
00185°01-
00185°01—
00185°0 1~
00186°01~
00185°01-
D0I8S*01-

€6199°01~
0gZ68°6~
99L21°6~
£529¢€ "8~
0%165°1~
L22eB*9-
41490 *9-
1020€ * G-
889¢G6 * Y~
SLEBO*HT—
61819°¢e1-
GLEST e~
S1889°21~
clecZ 21~
SL8sL* 11~
GLE6Z T
s1828°01-
GLE9¢ 01~
S1868 °6—
SleeEy "6
51896°8—
8%621°61-
OYLIG6° %1~
TESEL Y1
£2ETS "Y1~
S1162°41-
90690 %1~
B69%8 €T~
06%29°¢1-
1820% €1~
€1081°¢€1~
69856 °21-
969€L°21-

%12¢€
X

9ESLZ"0T~
€2015°6-
0T1sY. 8-
L6616"1~
yey12°L-
T116%%°9~
B89Y89°6~
SH616°Y—
TEHCT Y~
c21s8° €1~
S298¢ "€ 1-
e2126°21~
629691~
216611~
$2925° 11—~
S2¢190°11~
9296501~
SZIe1°0T-
529996~
<1026~
$29¢l "8~
$4890°61-
SEGYE Y1~
L2%29°H 1~
61209 41~
0T081°%1-
208G6° €1~
Y6SELET-
SBETIS €1~
Li162°¢1-
69690°¢1—
09L%8°21~
26629°21-

%1
X

90



APPENDIX C

S6901°1
8816%°1
»89¢4° 1
0128%°1
60L62°1
299L40°1
20268°
800€9°
ZLYHE”"
2¢210°
SHT6y°-
2lE6L° 1~
06990°1
1162€°1
800441
26699 1
aveLe 1
€L9¢2°1
0%5%0° 1
¥68¢8*°
84565"
2lLLe”
619B1°~
984221~
6t926°
0%692°1
992191
2L69%" 1
[42-28 A |
122¢€°1
18L02°1
16%%0°1
1€068°
€elc9”
6865¢"°
09%90°—
L9518 °
19%51°1
eETTHe"1
28vEY° 1
£609%°1
169y 1
9c08€°1
§9e0¢e°1
€1602°1
S1480°1
svel6”
260L6°
glisL”
2es01°1
SGEO0E"°T

00000°0
00000°0
‘00000°0
00000°0
00000°0
00000°0
00000°0
0000070
00000°0
00000°0
0000070
00000 °0
00000°0
00000°0
00000°0
00000°0
00000°0
0coo00°0
00000°0
00000°0Q
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
000000
000000
00000°0
00000°0
00000°0
00000°0
006000°0
000000
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000*0
00000°0
00000°0
00000°0
00000*0

00000°0
00000 °0
000000
00000°0
00000 °0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000*0
000000
00000 °0
00000~0
00000°0
00000~0
00000°0
000000
00000"0
00000 °0
00000°0
00000 °0
0000070
00000°0
00000°0
€0009"0
00000°0
00000°0
00000 °0
00000°0
00000 °0
00000°0
00000°0
000000
00000°0
000000
00000°0
00000°0
000000
00000°0
00000°0
00000°0

€EBYH°LT
[4:1-Y 40l 24
€5BEO"SY
Ye892°¢S
18812°6%
98EE9°€I
96230°19
LSTH9°69
2LssLt1L
92¢BY el
26816°%L
B9621°9L
YL1L9*2¢
S1985 €Y
eYET19° 15
SET36”LS
1%2e0°29
%0854#°99
06282°89
991H%°0L
259692°2L
o2zLL el
J6950°SL
L9251°9¢
98L56°¢Y
BYS5L2°1S
YLlE18°9¢
€4882°19
1695%°%9
16L51°29
»BS9E°69
2066T1° 1L
222%L°21L
BHLS0 %L
09361°sL
829L1°9L
909%5°9%
06E%0°¢€S
8€E0Y0°8S
€63I¥6°19
6ZBS0°S9
66386 °L9
S1099°69
0065¢° 1L
eeeLstaL
0BYE1°%L
68LZ2°5¢L
18281°9L
90945°9%
06EXD LS
BEO¥0*BS

000se*
000s8*
0o0se*
000s8°*
000s8"
000s8°
000s8*
00058 "
000s8*
000s8°
000s8*
000%8°
00008 *
00008 *
00008°
00008 *
00008 *°
00008 *
00008 *
00008°
00008~
00008*
00008°
00008
osigL”
oslel”
osi8L*
osL8L”
oslel”
osi8L”
osL8L°
0sl8L*
osteL*
[ 78: 7
osLeL”
osi8L°
Sl9L¢"
sl9le”
sl9Le”
Sl9l1¢€”
SL9LE"
si9iLe”
s19.¢€”
sl9l¢”
LYRFR
Si9L¢e”
S19l¢”
si9Le”
s2et1L”
s2e1L”
T4 ¢

00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000 °0
00000°0
00000°0
00000°0
00000 °0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
000000
00000°0
00000*0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000 °0
00000 °*0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0D
00000°0
00000°0
00000 °0
00000 °0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0
00000°0

00628°1~
00s528°1-
00s28° 1~
006¢8° 1~
00628° 1~
00sZ8° T~
006¢8° 1~
00628° 1~
00s2B* 1~
00s28° 1~
00528°1~
00%Z8° 1-
00GLY €~
00siy*e—
00SL% €~
00Giy €~
00G6Ly €
00siHe—
00sly €~
00siy e~

00sLy e~

005y e~
006L%" €~
00S.i% €~
06290°5~
06290°5—
06290°5~
08290°5-
05290°6-
08290°5~
06290°5~
05290°6—
06290°*6~
06290°5~
05290°6~
06290°5~
61922°9-
$L9¢2°9-
$1922°9~
61922°9-
51922°9~
51922°9-
51922°9-
S1922°9-
$1922°9-
S1922°9-
61922°9-
6L922°9~
SL91¢e" L~
SL9TE"L~
6L91e"L-

61096 °6-
Y6€28°L-
60189 °5-
S205S "€~
OYETH "1~
Sv€2L”
0€098°2
YTL66°%
66E€T°L
¥8012°6
6920%°11
£54%G €1
4»986€°01-
8T1€1L°8-
2002071~
9729€ "S-
08959°¢~
SENL6"T-
66582 °~
LS66E°1
€0580°€
6%0LL "%
%6554 °9
041%1°8
8SZLZ 11~
88286° 6~
61€69°8—
0SE0Y "L~
18€11°9-
114289~
Zo%es e~
€L9%2°2-
%0556 °~
994€€ *
SE¥Z9°1
Y0%16°2
SSOTT°21-
EEY60°T1~
Z1810°01-
161906~
0L15%0 *8-
89620 *L-
L2€10°9-
90L66 Y~
$8086 *€-
€£9%96°Z-
Z%896° 1~
122€6°-
2€€56°21-
61881°21~
90€2%°T1-

9¢2¢68°8~
25561 °9~
L9819 °4-
2818y~
LEYHE"—
18164°1
21826°¢
15%90°9
19202°8
926¢€°01
1192%°21
96219°%1
16596°6—

S%0.8°0~ .

66581°9-
£S664 "y~
LOY18°2-
29821°1~-
¥89¢G"
0€242°2
91126°¢
22€19°¢
L986Z°L

€ 1486°8
€L129°01~
Y08€€ *6-
S €84%0°9-
59861 °9-
96899 °5—
12611 %-
15688°2—
88665° 1~
6101€°~
0¢616°
02692°2
68855°¢€
2%209° 11~
£2986°01-
200.5°6-
08€£55°8~
651€6°L-
8ETZS 9~
91505°G-
C688Y " H—
Y1219 °¢~
€595% 2~
1€0%%°1-
01424~
S1026°21-
Z29508°11-
640%0°T1-

91



APPENDIX C

0o0%s”®

YIBWNN HIVW

£96898°"
eL36e"1
01606°1
8Le61°1
€c086°
69£65°
98581°
9%660 ~ -
L9%90°~
£%%00° -
1921¢e°-
YielrLec1-

SE99%° 1

3V 3Ndl

000000
00000°0
00000°0
00000°0D
00000°0
C0000°0
00000°0
00000°0
09000°0
00000°0
00000°0
000000

L

£9929°1
uv * 43
00000°0 29TL Y6l
00000°0 82veB*s
00000°0 86LEL"YY
00000°0 $L018°0L
00003*°0 095BE"%L
000000 02€30°4L
00000°0 999L8B°8BL
00000°0 09282°08
00000°0 CHSLET1n
00000°0 €989 28
00000°0 01296°¢8
00000°0 18856 °E8

O3HSINI4 SI 3Sv) SIHIL

65,1 =C7D

0021%°11

Z2/%

osley”®
0slgy*®
QsL89°
0s28%°
0sL8%°
0oL8% "
[(RTR:A B
0al18%*°
0slgy”
osL8y*
oslLBY®
osl8%*

191eL"~

00889 °02¢

v3¥V 3IN3Y343Y

00000°0
00000°0
00000°0
00000"0
00000°0
00000°0
00000°0
00000°0
00000°0
000000
00000°0
00000°0

=DKJ

12662°65¢€ 91595°561

v3¥v 3Nyl 39VY¥3AY D
0sLBy "~ LT6YS " T1- 06161 °6-
0628 "~ €840 "8~ L1%62"9-
05189~ 0GZYs * Yy~ €e06L -
05L8%°~ LT16E0 T~ osciL”
0GLEy®~ L1%9% 2 €BG1Z Y
0GBy~ 06L96°S L161L°L
0GL8Y% "~ €B8OL% 6 06¢zZ°11
0osL8% "~ L1%i6°21 €8621 %1
0si8Yy "~ 0624 °91 L1622°81
06LlBy "~ €8086°61 0szeL°12
0618y *— L148%*¢2 ERGEZGC
05184 °- 05186°9¢ L16tE L8

00661°*

QYOH)

651

MEER-

92



APPENDIX C

Sie

NOTLyENOI ANDD ¥314V Q3IYILNNOONI 3714 40 ON3

93



APPENDIX D

FORTRAN PROGRAM LISTING

This program was written in FORTRAN IV language, version 2.3, for the Control
Data series 6000 computer systems with the SCOPE 3.0 operating system and library
tape. Minor modifications may be required prior to use with other computers. The
program requires 65,000g words of storage on the Control Data 6600 computer system
and consists of the main program, three overlays, and four subroutines. Each program
or subroutine is identified in columns 73 to 76 by a 4-character identification. In addi-
tion, each of these parts is sequenced with a 4-digit number in columns 77 to 80. The
following table is an index to the program listing:

Program or subroutine Identification Page
WINGTL MAIN 95
INFSUB INFS 96
GEOMTRY GEOM 97
MATXSOL MATX 106
AERODYN AERO 108
CDICLS CDIC 116
MATINV MINV 118
FTLUP TLUP 120

94
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OVERLAY IWINGTL,0,0) MAIN
PROGRAM WINGTLIINPUT,OUTPUT,TAPES=INPUT ,TAPE6=QUTPUT) MAIN
COMMON/ALL/ BOT  M,BETA,PTEST,QTEST,TBLSCW{50),21120),PNIL20D}, MAIN

1 PVIL201,ALPL1200,511201),?S111204,PHIT112D},ZHI50) MAIN
COMMON/TOTHRE/ CIR[120,2}1oSECTRST(50) MAIN
COMMON/ONETHRE/TWIST(2) sCREF)SREFyCAVE,CLDESySTRUE AR 2ARTRUE, MAIN

1 RTYCDHT12) +CONFIGoNSSWSVI2) yMSVI2) ¢ KBOT PLANy IPLAN,MACH MAIN
2 » SSWWALIS01 MAIN
COMMON/MAINONE/ ICODEOF TOT AL, AANE2) ) XST2),YSI2),KFCTS(2) MAIN

1 ¢ XREGI2542) s YREGE25921,AREGI2592) 4 DIHI25,2),M23125,2) MAIN
2 e XX 125520 2YY (25,214AS 125420+ TTWDI25,2),MMCD125,2) MAIN
3 +ANI(2),22 (25.,2) MAIN
7 FORMATI1H1//710X,16,%HORSESHOE VORTICES LAIDOUT, THIS IS MORE THAN MAIN
1THE 120 MAXIMUM. THIS CONFIGURATION {S ABORTED.*) MAIN
8 FORMAT {1lHl// 10X, I[6 * ROWS OF HORSESHOE VORTICES LAIDOUT. THIS IMAIN
15 MORE TYHAN THE 50 MAXIMUM. THIS CONFIGURATION IS ABIRTED.* ) MAIN
9 FORMAT {lHl1 // 10X, *PLANFORM* [6 * 4AS* |6 MAIN
1 * BREAKPDINIS. THE MAXIMUM DIMENSIONED IS 25. THE CONFIGURATION IMAIN
25 ABORTED.*) MAIN
MAIN

VORTEX LATTICE AERODYNAMIC COMPJTATION MAIN
NASA-LRC PROGRAM NO. A2794 MAIN

MAIN

MAIN

MAIN

ICODEOF=TOTAL=0 MAIN
WINGTL=6LWINGTL MAIN
RECALL=6HRECALL MAIN

1 CALL OVERLAYIWINGTL,1,0,RECALLI MAIN
IF{ICODEOF.GT .0} GO TO 99 MAIN
[FIM.GT.120) GO TO 2 MAIN
NSW . = NS3IWSVILl) + NSSWSVI2) MAIN
[F [ NSW.GT.50 ) G) TO 4 MAIN
ITsv =10 MAIN
D0 10 LT=1,IPLAN MAIN
IF { ANIITI.LE.25. ) 63 TO 1D MAIN
WRITE (6:9) IT,ANLIT) MAIN
[Isv = 1 MAIN
10 CONTINUE MAIN
IF [ITSV.GTL0) GO TO 5 MAIN
GO TO 3 MAIN

% WRITE (6,8} NSW MAIN
60 TO 5 MAIN

2 WRITELG,7TF M MAIN
60 T0 5 MAIN

3 CALL OVERLAYIWINGTL+2+2.RECALLI MAIN
CALL OVERLAYIWINGTL,3,0,RECALL) MAIN

5 TOTAL=TOTAL-1. MAIN
GO T0 1 MAIN
99 SiopP MAIN
END MAIN

95
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SUBRUUTINE INFSUB (BOT+FUT.FVI.FWI)
CGMMCN/INSUB23/PSTIsAPFT T4 XXX4YYY 4222 4SNN,TOLENC
FC =CCS{PSII)

FS =SIN(PSII)

FT =FS/FC

FPC=CCS{APKII)

FPS=SIN(APKII)

FPT=FPS/FPC

Fl =XXX+SNN*FT#FPC

F2 =YYY+SNA*FPC

F3 =Z11+SNN*FPS

F4 =XXX-SNN*FT*FPC

F5 =YYY-SNN*FPC

F6 =I1I-SNN*FPS

FFA= (XXXER24{YYYRFPS)##24FPCH¥#2% ((YYYRFT) #2424 (Z2Z/FC)%¥2-2.%
IXXXSYYYSFT)=2.%ZZ 2#FPCR{YYYSFPS+XXX*FT*FPS)}
FFB=(FL1#F LAF2*F2¢F233F3) 44,5
FFC=(F4*F4+FS53F5¢F64F6) 43,5

FFD=F5*F5+F6*F6

FFE=F2%F2+F3%F3
FEF={FL1*FPCEFT+F2*FPC4+FIBFFS)/FFB — (F4*FPCIFT+FSHFPC+FE*FPS)/
1FFC

THE TCLERANCE SET AT THIS PCINT IN THE PROGRAM MAY NEEC TO BE
CHANGED FOR CCMPUTERS CVFER THAN THE CDC 6000 SERIES

IF(ABS(FFA) ,LT.(BCT#15.E-5)#%2) GO TC 262
FUUNE=(ZZZ*FPC-YYYSFPS)*FFF/FFA
FVONE=(XXX*#FPS-Z2Z#FT*FPCI*FFF/FFA
FWCNE={YYVSFT-XXX)*FFF/FFA*FPC

GG TO 2¢5

FUCNE=FVONE=FWINE=C.
IF(ABS(FFD).LT.TOLRNC) GC TC 263

FVvTIW0= Fox{1.~F4/FFC)/FFC
FnTWO=-F5%(1.-F4/FFC)/FFC

GG TO 2¢6

FVTHWO=FuTW0=0.

IF(ABS({FFE) .LT.TOLRNC) GC TG 2¢4

FVTHRE=-F3#{1.-F1/FFB)/FFE
FWTHRE=F2* (1.—F1/FFB)/FFE

GG TC 267
FYTHRE=FWTHRE=C.
FLI=FUCNE
FVI=FVONE+FVTWC+FVTFRE
FhI=FWCNE+FRTRO+FRTFRE
RETURN

END

-

INFS
INFS
INFS
INFS
INFS
INFS
INFS
INFS
INFS
INFS
INFS
INFS
INFS
INFS
INFS
INFS
INFS
INFS
INFS
INFS
[NF5
INFS
INFS
INFS
INFS
INFS
INFS
INFS
INFS
INFS
INFS
INFS
INFS
INFS
INFS
INFS
INFS
INFS
INFS
INFS
INFS
INFS
INFS
INFS
INFS
INFS
INFS
INFS
INFS
INFS
INFS
INFS
INFS
INFS
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20

30

40

50

60

70

80

90
100
110
120
130
140
150
160
170
18¢C
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
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420
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440
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460
470
480
490
500
510
520
530
540
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OVERLAY (WINGTL 100} GE QM
PROGRAM GEOMTRY GEOM
DIMENSION XREF(ZS)qYREF(ZS)oSAR(ZS)’A(ZS)oRSAR(ES),X(ES)vY(ZS)o GEQWM

1 BOTSV(Z),SA(Z)oVBORD(Sl)vSPY(SOoZ)oKFX(Z)oIYL(SO.?)’ GEQOM
IYT(50,2) GEOQVM

COMMON/ALL/ BOToﬂcBETAoPTESToQTESToTBLSCU(50)vQ(lZO)yPN(lZO)s GEOM

1 PV(lZD’vALP(l?O)oS(lZOJoPSI(lZO)oPHI(lZO)oZH(SO) GEOM
COMMONIONETHRE/THISTKZ)vCREF,SREF,CAVEoCLDESoSTRUE.ARoARTRUE9 GEOM

1 RTCDHT(?)oCONFlGoNSSHSV(Z)oMSV(2)oKBOTvPLAhoIPLANyNACH GEOM
2 +SSWWA (50) GEQOM
COMMON/HAINONE/ICODEOFqTOTALvAAN(2)oXS(Z)oYS(Z)oKFCTS(Z) GEQM

1 0XR€G(2502)0YREG(25;2)oAREG(aspZ)oolH(3592)’MCD(2592) GEQM
2 oXX  (2592)9YY (2592} 9AS (2592) s TTWD (2592) »MMCD (259 2) GEQM
3 sAN(2) 922 (25+2) GEQM
REAL MACH GEQM

1 FORMAT (1H1// 63Xs*GEOMETRY DATA® ) GEQOM
2 FORMAT (/77 45X +A10, *REFERENCE PLANFORM HAS® 13 # CURVES® // GEOM
1 12X *ROOT CHORD HEIGHT a* F12.5 ¢ 4X #yARIABLE SWEEFGEQM
2 PIVOT POSITION® 4X #X(S) =4 F12.5,5X #Y(S) =# F12,5 //746X» GEQM
3 *BREAK POINTS FOR THE REFERENCE PLANFORM * /) GEOM
3 FORMAT (8F10.4) GEOM
4 FORMAT (8F1S.5) GEOM
S FQRMAT (1H1 7/ 47X » #CONFIGURATION NOo* oF8.0 /) GEOM
6 FORNAT(ZFIZ-SoZEIZ.SoFIZ.S) GEQM
7 FORMAT{ 7736X 4144444 HORSESHOE VORTICES ON LEFT HALF OF THE wGEOM
1ING/36XsT4s10H CHORDWISE 421X 9 1499H SPANWISE//) GEOM
8 FORMAT (22X *POINT# 6X #x* 11X #ye 11X ®#Z¢ 10X *SWEEP® 7% *DIHEDRAGEOM
1L® 4X *MOVE® , 68X *ANGLE® 8X SANGLE® 6X #CODE®* / ) GEOM
9 FORMAT(20X»1553F12.,5+2F14059 16) GEOM
10 FORMAT ( 7 40Xs ®CURVE® 13 * IS SWEPT® F12.S5 * DEGREES ON PLANFORGEQOM
1M» I3 ) GEOM

11 FORMAT(1H1///41X% %END OF FILE ENCOUNTERED AFTER CONF IGURATION® F7)GEOM
12 FORMAT (1H1///18X *THE FIRST VARIABLE SWEEP OLRVE SPECIFIED (K =# GEQM

1 13 * ) DOES NOT HAVE AN M CODE OF 2 FCR PLANFORM® I4) GEOM
13 FORMAT (8FS5e15F10e49FSe19F1044) GEOM
14 FORMAT(26Xv15o2F12.502F16.594X0Ik) GEOM
15 FORMAT (1Hl /// X ®ERROR - PROGRAM CANNOT PRCCESS PTEST =* FS.1 GEOM

1 # AND QTEST =* FS.1 ) GEOM
16 FORMAT ( // 48X » #gREAK POINTS FOR THIS CONF IGURATION® //) GE QM

17 FORMAT (28X #POINT® 6X *x® 11X ®*v# 11X #SWEEP* 10X *DTHEDRAL® 7X GEOM
1 ®MQVE* / 38X ®REF* OX “REF® 10X *ANGLE® 11X ®ANGLE* 9X #CODE® / )GEOM

18 FORMAT (/ 52X » *SECOND PLANFORM BREAK POINTS* /) GEOWM
19 FORMAT(////25X+34HTHE BREAKPOINT LOCATED SPANWISE AT4F11.5+3X+20H-GEQM
1As BEEN ADJUSTED T0sF9.5/7///) GEOM

20 FORMAY (/ 43Xe FS5 # HORSESHOE VORTICES IN EACH CHORDWISE ROw® ) GEOM
22 FORMAT (/23X#TABLE OF HORSESHOE VORTICES IN EACH CHORDWISE Row (FRCGEOM

1M TIP TO ROOT BEGINNING WITH FIRST PLANFORM)®//25F5,0/25F5.0) GEOM
24 FORMAT (7/733X]5% HORSESHOE VORTICES USED ON THE LEFT HALF OF THE CGEOM
10NF 2GURATION®/ /50X *PLANF ORM TCTAL SPANWISE®/) GEOM
25 FORMAT (52Xs 14 ¢ 10X » T3 » 11X » T4 ) GEOM
GEOM

GEOM

PART ONE = GEOMETRY COMPUTATION GEOM

GEOM

SECTION ONE - INPUT OF REFERENCE WING POSITION GEOM

GEOM

GEO™

GEQM

RTCOHT (1) =RTCOHT (2)=0. GEOM
YToL = 1.E-10 GEOM

150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
180
390
400
410
420
430
440
450
460
470
480
490
500
510
520
530
540
550
560
570
580
599
600
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AZY = 1,E+]13 GEQM 610
PIT = 1.5707963 GEOM 620
RAD = 57.29578 GEOM 630
IF (TCTAL.GT.0.) GC TO &0 GEQM 640
GEOM 650

GEOM 660

SET PLAN EQUAL TO 1. FOR A WING ALCMNE COMPUTAICN - EVEN FCR A GECOM 670
VARIABLE SwEEP WING GEOM 680
SET PLAN ECUAL TO 2. FOR A WING - TAIL COMBINATICAM GEOM 690
GEOM 700

SET TCTAL EQUAL TC THE NUMBER CF SETS GEOM 710
OF GROUP TWO DATA PRCVICECD GEGM 720
GEQOM 730

READ (543) PLANJTCTAL,CREF,SREF GEOM 740
IF {ECF¢5) 1CC6,4C GEOM 750
IPLAN =PL AN GEOM 760
GEOM 770

GEOM 780

SET AAN(IT) EQUAL TG THE MAXIMUM NUMBER OF CURVES REQUIREC TO GECOM 790
DEFINE THE PLANFORM PERINETER GF THE (IT) PLANFCRYN, GEOM 800
B GEOM 810
SET RTCOHTUIT) EQUAL YO THE ROCT CHCRD HEIGHT CF THE LIFTING GEQOM 820
SURFACE (IT),whOSE PERIFETER PCINTS ARE BEING REAC IN, WITH GEOM 830
RESPECT TO THE WING RGGT CHCRD FEIGHT GEOM B40
GEOM B850

WRITE (6,1) GEOM B60
DG 58 IT = 1,IPLAN GEOM B70
READ (5+3) AANCIT)oXSUIT),YS(IT),RTCCFT(IT) GEQOM B8B0O
N = AAN(IT) GEOM 890
N1 =N+ 1 GEOM 900
NAK =90 GEOM 910
IF (IPLAN.EQ.1) PRTCON = 10H GEOM 920
IF (IPLAN.EC.2 .AND. IT.EQ.1 } PRTCGN = 10+ FIRST GEOM 930
IF (IPLAN.£Q.2 .AND. IT.£Q.2 ) PRTCON = 10H SECOND GEOM 940
WRITE (6+2) PRTCON,NyRTCCHTUIT) (XSCIT),YS(IT) GEQM 950
WRITE(6,17) GEOM 960
DG 59 I=1,N1 GECGM 970
READ (5,3) XREG(I,IT) , YREG(I,IT), CIH(I,IT), AMCD GEOM 980
MCD(I,IT) = ANMCD GEOM 990
IF ([.EQ.1) GO 1O 59 GEOM1000
IF ( MAK.NE.O .OR. MCCII-1,IT).NE.2 ) GO TO 49 GEUM1010
MAK = I-1 GEOM1020
IF  (ABSU YREGUI-1,IT)-YREG(I,IT)).LT.YTCL)GO 1C sC GEOM1030
AREGII-1,IT) = (XREG(l-l,IID-XREG(I.lTl)/(YREG(I-I.IT)-YREG(I'IT)IGEDM1040
ASWP = ATAN ( AREG(I-1,IT) ) * RAD GEOM1050
GG T0 51 GEOM1060
YREG(I+IT) = YREG(I-1,IT} GEGM1070
AREG( I-1,1T7) = AZY GEOM1080
ASWP = 90, GEOM1090
J =1 -1 GFOM1100
GEOM1110

WRITE PLANFCRM PERIMETER PCINTS AND ANGLES GEOM1120
GEOM113¢

WRITE {(6,14) J, XREG(Jo IT) o YREGUJoIT)sASWP 4DIHUJ4ITI NCD(J,IT) GEOM1140
DIH{J,IT) = TANICIF(J,17)/RAD) GEOM1150
CONTINUE GEOM1160
KFCTIS{IT) = MAK GEOM1170
WRITE (6+14) N1, XREG(N1,IT),YREG(NL,IT) GEOM1180
CGNTINUE GEOM1190
GEOM1200

PART 1 - SECTICN 2 GEOM1210
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REAC GRCUP 2 CATA ANL CCMPUTE OESIRED WING PCSITICN

GEOM1220
GEOM1230
GEOM1240

SCh MUST NOT BE SET EQUAL TC ZERC CR CNE WHEN THE WING HAS DIHECRALGEOM1250

GEOM1260

SET SA(1)sSA(2) EGUAL TG THE SWEEP ANGLE,IN DEGREES, FCR THE FIRSTGEOM1270

CUKVE(S) THAT CAN CHANGE SWEEP FOR EACH PLANFCRM

GEOM1280
GEOM1290

IF A PARTICULAR VALUE CF CL IS CESIRED AT WHICH THE LOADINGS ARE GEGM1300

TG BE COMPUTED, SET CLDES EQUAL TO THIS VALUE
SET CLDES EGUAL TC 1l. FCR 2 DRAG FOLAR AT CL VALUES GF-.1 TO

IF PTEST IS SET EQUAL TC CNE THE PROCRAM WILL COMFLTE CLP

GEOM1310

1.0GEQM1320

GEOM1330
GEOM1340

IF QTEST IS SET ECUAL TC CMAE THE PRCGRAM WILL CCMFUTE CMQ AND CLQGEOM1350
DG NOT SET BOTH PTEST ANC GTEST TC GNE FOR A SINGLE CCNFIGURATION GEOM1360

GEOM1370

SET TWIST(1) CR TWIST(2) EQUAL TGO C. FGR A FLAT PLANFCRM AND TQ 1.GEOM1380

FGR A PLANFGRM THAT HAS TWIST AND/CR CAMBER

GEOM1390
GEOM1400

80 READ (5.13lCCNFIGpSCH'VIC-MACH,CLDESpPTEST;QTEST.TNIST(llvSA(1)'THGEOM1410

82

74

16

78

a3

79
17

1ISTL12)45402)

WRITE(6,5) CONFIG

IF {ECF,5) 10GC6,82

[F ( PYEST.NE.O. .AND. CTEST.ME.O. ) GO TO 1CC8
IF  (5Ch.EC.C.) GC TC i€

DG 74 1=1,50

TELSCh(I) = SCw

GG TO 78

READ (5+3) STA

NSTA = STA

READ (5¢3) (TBLSCW(I),TBLSCW{I+1)TBLSCW(I+2),TBLSCH{T43)
1 +TBLSCWIT+4) 4 TBLSCW(T+5),TBLSCh(I+€),TBLSCR{I+T),
2 I = 1,NSTA,8)

DG 100 IT = 1,IPLAN

N = AANLIT)

N1 = N+ 1

DG 83 I=1l.M

XREF{I} = XREG(I,IT)

YREF(I) = YREG(I,IT)

A (1) = AREG(I,IT)

RSARI(I) = ATAN(A(I))

IF (A{I}.EC.AZY) RSAR{I) = PIT

CCNTINUE

XREF(N1) = XREGINL,IT)

YREF(NL} = YREGIN1,IT)

IfF { KFCTS(IT) .GT. 0 ) GC TC 79

K =1

SA{IT) = RSAR{l}) * RAD

GC 10 77

K = KFCTSUIT)

WRITE (64100 KoSA{IT),IT

S8 = SA(IT)/RAD

IF ( ABS{ SB - RSARIK) 1,GT. (.1/RAC) ) GO TG 111

REFERENCE PLANFCRM CUORCINATES ARE STCRED UNCHANGEC FOR WINGS
WITHFOUT CHANGE IN SWEEP

DG 112 I=1,N

XUI}=XREF (I}

Y{I)=YREF (1]

IF (RSAR{I) .EC. PIT ) GO TC 114

A(I)=TANIRSARII})

GC T7C 113

GEOM1420
GEOM1430
GEDOM1440
GEOM1450
GEOM1460
GEOM14T70
GEOM1480
GEOM1430
GEOM1509
GEOM1510
GEOM1520
GEUM1530
GEOM1540
GEOM1550
GEOM1560
GEGCM1570
GEOM1580
GEOM1590
GEOM1600
GEOM1610
GEOM1620
GEOM1630
GEOM1640
GEOM1650
GEOM1660
GEOM1670
GEOM1680
GEDOM1690
GEOM1700
GEOM1710
GEOM1720
GEOM1730
GEOM1740
GEOM1750
GEOM1760
GEOM1770
GEOM1780
GEOM1790
GEOM1800
GEOM1810
GEQM1820

29
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114 AlI)=27Y GEOM1830
113 SARUII=RSAR(I) GEOM1840
X{N1)=XREF (N1) GEOM1850
Y{N1)=YREF(N1) GEOM1860

GG TO 103 GEQOM1BT70

C GEOM188GC
c CHANGES IN WING SWEEP ARE MADE hERE GEOM1890
C GEOM1900
111 IF (MCC{K, IT).NE.2) GC TC 1007 GEOM1910
KA=K-1 GEOM1S20

NG 81 I=1,KA GEOM1930
X{I)=XREF{I) GEOM1940
YUL)=YREF (1] GEDM1950

81 SAR(II=RSARII) GEOM1960

c DETERMINE LEACING ELCGE INTERSECTION BETWEEN FIXED AND VARIABLE GECM1970
C SWEEP WING SECTICHAS GEOM1980
SAR(K)=S8B GEGM]1990

AlK} = TANLISB) GEOM2000
SAI=SB-RSARI(K} GEOM20110
X{K+¢1)=XS+ (XKEF(K#1)-XS)*CCS(SATI)+{YREF(K+1}-YS)*SIN{SAI) GEOM2020
YIK¢1}=YS+ (YREF{K+1)-YS)2CCS{SAIL)-(XREF(K+1)-XxXS)*SIN(SAT) GEGM2C30

IF ( ABS (S8 - SAR(K-1) } .iLT. (.1/RAD) ) GC TC 84 GEOM2040
YIK)=X(Kt1)-X(K-1}-2{KI*Y{K+1)+A(K-1}*Y(K-1) GEOM2050
YIK)=Y(K) /{A[K-1}-A(K)) GEQM2060

X{K)= A(K)*X{K-1)}-A(K-1}2X(K+]1)+A(K=-1)*A(K)*(Y{K+])-Y(K~-1)) GEOM2070
X{K)=X{K) /LA(K)-A(K-1}]} GEOM2080

GG TG €5 GE(OMZ2090

C ELIMINATE EXTRANECLS BREZKPCINTS GEOM2100
84 X{K)=XREF(K-1) GEOM211G
Y{K)=YREF (K-1) GEOM2120
SAR(K) = SAR{K-1) GEGM213)

85 K=K+l GEQM2140

C SWEEP THE BREAKPUINTS CN THE VARIABLE SWEEP PANEL GEOM21590
C (LT ALSC KEEPS SWEEP ANGLES IN FIRST OR FOURTE CUADRANTS) GEOM2160
86 K=K+l GEOM2170
SAR(K=-1)=SAT+RSAR(K-1) GEOM2180

3G IF ( SAR{K-1} «LE. PIT ) GO ¥0 102 GEOM2190
SAR(K-1}=SAR(K-1)-3.1415627 GEOM2200

GG TU 99 GEOM2210

102 IF ( SARIK-1} .GE.(-PIT}) GO TC 106 GEOM2220
SAR{K-1)=SAR[K-1)+43,1415527 GEOM2230

GC TO 102 GEOM2240

106 TF{( SAR{K-1)1}.LT..C) GC TC 1C8 GEOM2250
IF ( SAR(K-1) - PIT )} 90,817,487 GEOM2260

108 IF ( SAR{K~1} ¢ PIT } 86,489,990 GEOM2270
87 A{K-1)=AZY GEOMZ2280

GL TO 91 GEOM2290

89 A(K-1)=-AZY GEOMZ2300

GG T0 91 GEOM2310

90 A{K-1)1=TAN(SAR(K-1)} GEOM2320

91 KK = MCLIK,IT) GEQOM2330

6L T3 (93+52),KK GEOM2340

92 YIK)I=YS+{YREF(K)-YS)I*COS(SAT)-{XREF{K}-XS}I*SIN(SAI) GEOM2350
XEKI=XS+(XREFIKI=XSI*CAS{SATI+{YREF(K)-YS)*SIN(SAL) GEOM2360

GG TO g¢ GEOM2370

C DETERMINE THE TRAILING ECGE INTERSECTICN GEOM2380
C BETWEEN FIXED AND VARITABLE SWEEP WING SECTIONS GEOM2390
93 IF [ABS {(RSAR(K)-SAR(K-1}) +LT. (.1/RAD} ) GC TO s6 GEOM24G0
YOK)=XREF (K+]1)-X{K-1)-A(K}*YREF(K+1)+A(K~1)*Y(K~1)} GEOM2410
YIKI=Y{K)/{A(K=-1)-A(K}} GEOM2420

XIKI=A(K)®*X(K=1)-B2{K-1)*XREF(K+1)+A{K-1)*A(K)*{YREF({K+1)-Y(K-1)) GEOM2430

100
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X{K)=X{K) Z{A(K)=A(K-1)]}
GG TGO S7

X(K)=XREF(K+1)
Y{K)=YREF {K+1)

K=K+1

STURE REFERENCE PLANFCRM CCCROINATES CN INBOARD FIXED TRAILING
ECGE

DG 98 I=K.Ml
X{IV=XREF (1)
Y{I)=YREF{I)
SAR(I-1)=RSAR(I-1}

DG 101 I=1,N

XX{1,1IT) = x{I)
YY(1,1IT) = y(i)
MMCD(I,IT)= MCL(I,1IT)
TIWO(I,IT) = CIh{I,IT}
AS  (I.IT) = 2(I)
XX(NL,IT} = XINL)
YY(NL,IT) = Y(NI1)
ANCIT) = AAN(IT)
CCNTINUE

LINE UP BREAKPOINTS AMCNG FLANFCRFKS

BGTSVI1)=BCTSV(2)=C.

WRITE (€416)

DG 180 IT=1,IPLAN

NIT=AN(IT) +1

DC 178 ITT=1,IPLAN

IF (ITT.EQ.IT) GC TC 178

NITT=AN(ITT)+1

DC 176 I=1,NITT

JESV=0

DG 166 JP=1NIT

IF(YYUJP, IT) LEQ.YYUI.ITYN) GO TC 176

CONTINUE

0G 17C JP=1,NIT

IF (YY(JP, IT}.LT.YY(I,11T7)) GC TO 168

CCONTINUE

GG TG 176

JPSV = JP

IND = NIT -tJPSV -1}

DG 172 JP=1.1IND

Ke = NIT —JdP +2

K1 = NIT =JP +1

XX(K241T) = XX{K1,IT)

YY{K2,IT) = YY{K1,IT)

MMCO(K2,IT )= PMCD{KLLIT)

AS{K2,1T) = ASIK1,IT)

TTWD{KZIT)=TTWD{K1,IT)

YY{JPSV,.IT) YY(L,ITT)

ASUJPSV,IT) AS(JPSV-1,1T)

TTWD(JPSV,IT)= TTWC(JPSV-1,1IT)

XX{JPSVY+I[T]} (YY({JPSV,IT) — YYUJIPSV-1,IT)) *# AS(JPSV-1,1T)
+  Xx{JPS\V=1,1T7)

MMCOLJPSV,IT) = MMCCUJPSV-1,1IT)

ANCIT) = BANCIT) + 1.
NIT = NIT + 1
CCNTINUE

CGNTIMUE

GEOMZ2440
GEOM2450
GEOM2460
GEOM24T0
GEOM2480
GEOM2490
GFOM2500
GEOM251C
GEOM2520
GEOM2530
GEOM2540
GEOM2550
GEOM2560
GEOM25TD
GEOM2580
GEUM2590
GEOM2600
GEOM2610
GECM2620
GEOM263C
GEOM26470
GEOM2650
GEOM2660
GECQM2670
GEOM2680
GEOM2690
GEOM2T7CO
GEOM2710
GEOM2720
GEOM2730
GEOQM2740
GEOM2750
GEOM2T60
GEOM2TTO
GEOM2780
GEOM2790
GEOM28N00
GEOM2810
GEOM2820
GEOM2830
GEOM2840
GEOM2850
GEGM2860
GEOM2870
GEOM2880
GECM2890
GEUM2900
GEOM2910
GEOM2920
GEOM2930
GEOMZ2940
GEUM2950
GEQOM2960
GEUM2970
GEOM2980
GEOM2990
GEDM3000
GEOM39010
GEOM3020
GEOM3030
GEOM3C40
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SECUENCE WING COORCINATES FRCM TIP TC ROQY

Nl = AN(IT)+ 1.
DG 203 I=1,N1

Q1) = YY(I,LIT)

DG 208 J=1,N1

hIGH = 1.

0C 205 I=1,N1

IF (( ClI)-HICH)4GE.O, ) GO T1C 205
HIGH = Qi)

Ih = 1

COCNTIAUE

IF (J.NE.1) GO TO 2C6
BCTSVIIT) = FIGH
KEXUIT) = Ik

Q {IH) = 1.
SFY{JsITH = FIGH

IF (IF.GT.KFX{IT)} GO 1C <c9
IYL{doIT) =1
IYT(J,I17) = 0

GG TO 208

IYL(J,IT) = O
EYT{J.IT) =1
CONTINUE

CONTINUE

SELECT MAXIMUM B/2 AS THE WING SEMISPAN

KBOT = 1
IF (BCTSVI1).GE.BOTSVI2)}) KBCT = 2
BCT = BCTSV(KBCTI}

TSPAN = 0O

ISAVE = KFX{KBCT) - 1

I = KFEX(KECT) - 2

IF {(1.EC.O) GC TO 217

IF(TTWC({I +KBOT)LEC.TTWDUISAVE,KBCT)} GG TO 218

CThD = COS{ ATAN(TTWC(ISAVE,.KBCT) ) )

TLOTH = (YY(ISAVE+1,KBCT) - YY{(I+1,KBCT) ) / CThi
TSPAN = TSPAN + TLGTH

IF (1.EC.O) GC TO 218§
ISAVE = 1

I =1 -1

GG TC 216

vi TSPAN / VIC

VSTOL = VI /7 2

ELIMINATE PLANFORM BREAKPCINTS WHICH ARE WITHIN (B/2)/2200 UNITS

LATERALLY

DG 22C IT = 1 ,IPLAN

N = ANLIT)

NI= N ¢+ 1

DC 22C J=1.N

ALk = ABSISPY(J,IT)} = SPY[J+1,IT) )

IF { AALEG.C. OR. PAGY.ABS(TSPAN/2CCO.}) GC TO Z2C
IF { AA.GT.YTCL) WRITE(6919) SPY[J+1,IT) , SPYUJ,IT)

DC 222 I=1,N1
IF ( YY(I+IT).NE.SPY{J+1,IT}) GC T0O 222

COMPUTE NOMINAL HORSESRCE VCRTEX WIDTH ALONG WING SLRFACE

GEOM3050
GEOM3060
GEOM3070
GEOM3080
GEQAM3090
GEOM3100
GEOM3110
GEOM3120
GEOM3130
GEOM3140
GECOM3150
GEOM3160
GEOM3170
GECM3180
GEOM3190
GEOM3200
GEOM3210
GEOM3220
GEOM3230
GEOM3240
GEOM3250
GEOM3260
GEQOM3270
GEOM3280
GEOM3290
GEOM3300
GEOM3310
GEOM3320
GEOM3330
GEOM3340
GEOM3350
GEOM3360
GEOM3370
GEOM3380
GEQM3390
GEOM3400
GEOM3410
GEQOM3420
GEUM3430
GEOM3440
GEQM3450
GEOM3 460
GEQM3470
GEOM3480
GEOM3490
GEOM3500
GEOM3510
GEOM3520
GEOM3530
GEOM3540
GEOM3550
GEQOM3560
GEOM3570
GEOM3580
GEOM3590
GEOM3600
GEOM3610
GEOM3620
GEOM3630
GECM3640
GEOM3650
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230

232

234

236

238
240

700

701
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YYCILIT) = SPY(J,IT) GEOM3660
CCNTINUE GEOM3670
SEYUJ+14,0T) = SPYLJ,IT) GEOM3680
CONTINUE GEOM3690
GEOM3700

CGMPUTE I COORDINATES GEGM3T10
GEOM3720

DG 23€ IT=1,IPLAN GEOM373C
JK = N = AN(IT) + 1. GEOM3740
DG 230 JZ=1,Nl GEQM3750
ZLLILIT) = RICORTLIT) GEOM3760
JZ =1 GEOM3770
9z = J7 + 1 GEOM3780
IF  {JZ.GTKFX(ITY)) CC TG 234 GEOM3790
LZ0IZ,IT) = 22042Z-141T) +UYY(JZ,IT) = YY(JZ-1,IT) ) *TTWC(J2-1,1IT)IGEOM3800
GC 1O 232 GEOM3810
JNM = JM-1 GEOM3820
IF  { JMJEGKFX(IT) ) GG TC 236 GEOM3830
ZZUIKe IT) = ZZLUM4LoIT) YV (UM IT)=YY (ML, IT)) *TTWD(JIM,IT) GEOM3840
GG TO 234 GEOM3850
CCNTINUE GEOM3860
GECOM3870

WRITE PLANFORM PERIFETER PCINTS ACTUALLY USED IN THE CCMPUTATIGNS GEOM3880
GEOM3890

WRITE (6+8) GEOM3900
DC 240 IT =1,IPLAN GEOM3910
N = AN(IT) GEOM3920
NI =N+ 1 GEOM3930
IF (IT.EQ.2) WRITE (6,18) GEOM3940
DC 238 KK=1,N GEOM3950
TGUT = ATAN ( TTWD(KK,IT) )* RAD GEOM3960
AGUT = ATAN(AS(KK,IT) )4RAC GEOM3970
IF (AS(KK,IT).EQ.AZY) AQUT=90. GEOM3980
WRITE (64+9) KKe XXCKKoIT), YY(KK,IV)y ZZ(KK,IT), ACUT, GEOM3990
1 TOUT ,MMCCUKK,IT) GEOGM4000
CONTINUE GEOM4C10
WRITE (6+9) NLoXX{INLoIT}oYY(NL,IT),ZZ{NL,IT) GE(OM4020
CONTINUE GEQM4030
GEOM4040

PART ONE — SECTION THREE — LAY CLT YAWED HORSESHGE VORTICES GEOM4050
GEOM4060

STRUE = 0. GEOM4OTO
NSSWSV{L) = NSShSV(2) = MSVIl) = MSV(2) = ¢ GEOM4080
DG 722 1T=1,1FLAN GEUOM4CSD
N1 = AN(IT) + 1. GEQM4100
I = 0 GEOM4110
J =1 GECM4120
YIN = BATSV(IT) GEOM4130
ILE = ITE = KFX(IT) GEGM4140
DETERMINE SPANWISE BORDERS CF hCRSESFCE VORTICES GEOM4150
IXL = IXT =0 GEOM4160
I =1 +1 GEOM4170
IFCYINLGE. {SPY(J,IT)+VSTCL) ) 60 T4 703 GEOM4180
BGRDER IS WITHIN VORTEX SPACING TOLERANCE (VSTGL) CF BREAKPGINT GEOM4190
THEREFORE USE THE NEXT BREAKPCIANT INBOARD FOR THE BCRDER GEOM4200
VBORDI{I} = YIN GEOM4210
GC TO 707 GEOM4220
USE NCMINAL VCRTEX SPACING TC CETERMINE THE BCRDER GEOM4230
VBORD(I) = SPY(J,IT) GEQM& 240
COMPUTE SUBSCRIPTS ILE ANC ITE TO INDICATE wHICH GEOM&4250

BREAKPOINTS ARE ACLJACENT AND WHETFER THEY ARE CN THE wING LEADING GEOM4260

103



715

706

707

708

709

OO

720

722

[aNeEel

104

APPENDIX D

EDGE CR THE TRAILING ECGE

IF (J.GELN1) GO 10 706
IF (SPY({JsIT)NE.SPY{J+1,1IT)) GO TC 706
IxL = IXL + IYLUJ,IT)

IxT¥ = [XT + IYT(J,1T7)

J = J + 1

GC TC 715

YIN = SPY(J,IT)

Ixt = IXL ¢ IYL{JoIT)

IxT = IXT % IYT(J,1T)

J = J +1

CPHI = CCS ( ATAN ( TTWC(ILE,IT) ) )
IFHI = ILE - IXL

IF ( J.GE.N1 ) IPHI = 1

YIN = YIA — VI®* CCS ( ATAN { TTWDUIFRILIT) ) )
IF (I.NE.1) Ga TOo 709
ILE = [LE - IXL

ITE = ITE + IXT

GG TO 701

CLMPLTE COCRLINATES FCR ChCRDWISE RCw CF HORSESFCE VCRTICES

Ve = ( VBORD(I-1) + VBORD(I) )} /7 2.

Hin = { VBORC(I) =— VBCRC{I-11)/ 2.

1K1 = 1 -1 + NSSwSv(1)

ZRUIML) = 2ZCILE.IT) + ( YG — YYUILE,IT) ) # TTWC(ILE,IT)
PRICIMI) = TTWC(ILE,IT)

SSWWA{IML) = ASCILE,IT)

XLE = XXUILE.IT) + ASCILELIT) * (¥YQ - YY(ILE,IT) )
XTE = XXUITELIT) + AS{LVELIT) * (YQ - YYUITE,IT) }
XLOCAL = ( XLE = XTE ) / TBLSCW(IM1)

CGMPLTE WING AREA PROJECTYED TO THE X - Y PLANE

STRUE = STRUE + XLOCAL * TBLSCW(IML) * (HW * 2.) * 2.

NSCwW = TBLSCwW({INM])

DG 72C JCW=1+NSCwW

AJCHW = JCW = 1

XLEL = XLE — AJCh * XLCCAL

NTS = JCW + MSV(l} + ¥SVI(2)

PNINTS) = XLEL - .25 * XLCCAL

PVINTS) = XLEL - +75 * XLCCAL

PSTINTS) = (IXLE - PNINTS))I*ASUITE.IT) ¢ (PNINTS) — XTE)}*AS(ILE,
IT) ) / (XLE - XTE) # CPHI

S{NTS) = Hh / CPHI

QINTS} = YC

CONTINUE

MSV(IT) = MSV{IT) + NSChw

TEST TG DETERMINE WHEN WING ROCT (Y=C) IS REACFHEE

IF L VBORC(I) «LT. =C.) GO 10 708

NSSKSVLIT) = T -1

COUNTINUE

M = MSVIl) ¢ NFSVI(2)

COMPUTE ASPECT RATIC ANC AVERAGE CHORD

80T = — BOT

AR = 4., * POT * ECT / SREF
ARTRUE = 4., % BCT * BCT / STRUE
CAVE = STRUE 7 ( 2. * BCT )

GEOM4 270
GEGM4280
GEOM4290
GEOM43GO
GEOM4310
GEOM4320
GEOM4330
GEOM4340
GEOM4350
GEOM4360
GEOM4370
GEGM4380
GEOM4390
GEGCM4400
GEOM4410
GEOM4420
GEOM4430
GEOM4440
GEOM&450
GEOM&460
GEOM4470
GEDOM4480
GECM449Q
GEQM4500
GEOM4&510
GEOM4520
GEOM4530
GEOM4540
GEOM4550
GEOM4560
GEOM45TO
GEOM4580
GEGCM4590
GEOM4600
GEOM4&610
GEOM4620
GEOM4630
GEOM4640
GEOM&650
GEOM4660
GEOM4670
GEOM4680
GEOM4690
GEOM4T00
GEOM4T10
GEOM4T20
GEGM4&T730
GEOM4740
GEOM4750
GEOM4T60
GEOM4TT70
GEOM4T780
GEOM4790
GEOM4800
GEOM4810
GEOM4820
GEOM4830
GEOM4 840
GEOM4850
GEOM4860
GEOM4BTO
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BETA = { 1. — MACH* VMACE) *% .5
NVTWO =0

DG 354 IT=1.,IPLAN

NVONE =1 + (IT-1)%MSV(1)

NVTWG = NVvTWO + MSVUIT)

IF (TWISTCIT) LLE. O. ) G4 TC 350

GEOM4880
GEOM4890
GEOM4900
GEOM4910
GEOM4920
GEOM4930

READ (5,3) (ALPINV) ¢ALP(NV+1) JALPINV+2) JALPINV+2) (ALP(NV+4) ,ALPINVGEOM4940

+5) JALPINV+E ) 4ALP{NV+7) ,NV=NVONE+AVTHC,8)

GG TO 354

DC 351 NV = NVCNE » NVTAC

ALP{NV) = Q.

CUNTINUE

WRITE {6,24) M

WRITE (6425) (IT,MSV(IT)NSSWSV(IT), IT=1,IPLANI
[F ( SCweNE.O. ) WRITE {¢,20) SCW

IF { SCw.EQ.0. ) WRITE (€,22) (TBLSCW(I) I=1,NSTA)

APPLY PRANDTL-GLAUERT CCRRECTICN

DG 360 NV = 1.M

PSI(NV) = ATANIPSIL(NV)/BETA)
PN (NV) = PN(NV) / BET2

PV (NV) = PV{(NV) / BETA
RETURN

ICODECF =1
WRITE(6411) CONFIG
RETURN

ICODEGF =2
WRITE(6+12) KWIT

RETURN

ICODECF =3

WRITE (6415) PTESTLQUEST
RETURN

END

GEOM4950
GEOM4360
GEOM4STO
GEOM4980
GEOM4990
GEOMS000
GEOMSO10
GEOM5020
GEQM5030
GEDMSC40
GEOMS5050
GEOM5060
GEOM5070
GEOMS080
GEOM5090
GEOM5100
GEOM5110
GEOM5120
GEOM5130
GEOM5140
GEOGM5150
GEOM5160
GEOMS5170
GEOM5180
GEOM5190
GEOM5200
GEOMS5210
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OVERLAY (WINGTL +240) MATX 19
PROGRAM MATXSOL MATX 20
DIMENSION YY(2)sFU(2) sFV(2)sFW{2) 4FVN(120+120)+IPIVAT(120) s MATX 30

1 INDEX (120+2) MATX 40
COMMON/ALL/ BOTsMsBETA,PTEST+QTESTSTBLSCWIS50)0¢120) 4PN(120)» MATX S0

1 PV(120) s ALP(120)+S(120)+PSTI(120) yPHI(120) +ZH{50) MATX 60
COMMON/TOTHRE/ CIR(120,2)+SECTRST(50) MATX 70
COMMON/INSUB23/APSTyAPHT oXX 9YYY4ZZ »SNN»TOLC MATX 80

c MATX 90
¢ MATX 100
c MATX 110
c PART 2 - COMPUTE CIRCULATION TERMS MATX 120
c MATX 130
c MATX 140
c MATX 150
FPI = 12.5663704 MATX 160

c MATX 170
c MATX 180
c THE TOLERANCE SET AT THIS POINT IN THE PROGRAM MAY NEED TO BE MATX 190
c CHANGED FOR COMPUTERS OTHER THAN THE CDC 6000 SERIES MATX 200
c MATX 210
c MATX 220
TOLC= (BOT#15,E~05) ##2 MATX 230

DO 6667 NUU=1,120 MATX 240

DO 6667 NUT=1,120 MATX 250

FYN (NUU,NUT) =0. MATX 260

6667 CONTINUE MATX 270
Do 308 NV=1eM MATX 280
CIR(NVs1)= 12,.5663704 # ALP(NV) MATX 290
CIR(NV+2)= 12,5663704 MATX 300

IF (PTEST.NE.0.) CIR(NVs2) = -1,0964155 * Q(NV) / BOT MATX 310

IF (QTEST.NE.0. ) CIR(Nvs2) = -1,0064155 * PV(NV) ®3ETA MATX 320

308 CONTINUE MATX 330
172=1 MATX 340
NNV=TBLSCW(I27) MATX 350

DO 314 Nv=leM MATX 360

I12=1 MATX 1370
NNN=TBLSCW(IZ) MATX 380

DO 316 NN=1M MATX 390

APHI = ATAN(PHI(IZ)) MATX 400

ARSI = PST(NN) MATX 410
XX=PVINV)-PN (NN} SYY(1)=QINV)I=Q(NN) SYY(2)=Q(AV) +0(NN) MATX 420
Z2=2H(122)=2H(12) MATX 430

SNN = S(NN) MATX 440

Do 261 I=1,2 MATX 450

Yyy = yyi(I) MATX 460

CALL INFSUB (ROTSFU(T)+FVII)oFW(T)) MATX 470
APHI=z=APHI  $APSI=-APSI MATX 480

261 CONTINUE MATX 490
IF(PTEST.NE.0,) GO TO 342 MATX S00
FUNINVINNI=FW (1) =FV (1) #PHT(IZ) +FW(2)=FV(2) #PHI (1Z) MATX S10

Go TO 312 MATX 520

342 FYNINVINN)=FW (1) =FV (1) #PHI(IZ)=-FW(2) +FV (2} #*PHI(12Z) MATX 530
312 IF (NN.LT.NNN +OR. NN.EQ.M } GO TO 316 MATX S40
17=12Z+1 MATX 550
NNN=NNN«TBLSCw (12) MATX 560

316 CONTINUE MATX 570
IF (NV.LT.NNV .OR. NV.EQ,M ) GO TO 314 MATX S80
17Z=127+1 MATX 590
NNV=NNVeTBLSCW (122) MATX 600
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320

661

616
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CONTINUE

CALL MATINV(FVNsMsCIRy2+DETERM» IPTVOT» INDEXs 1209 ISCALE)

12za = 122

DO 320 NZ=1,17ZZA

SECTRST(NZ) = 0.

122=1

NNV=TBLSCW (122)

DO 614 NVsSloM

I12=1

NNN2TBLSCW(IZ)

VELIN = 0.

D0 616 NN=1,M

APHI = ATAN(PHI(IZ))

ApSI = PSI(NN)

Xx=PN (NV) =PN (NN)

YY(1) = Q(NV) = Q(NN)

YY(2) = QI(NV) « Q(NN)

Z7=22H(122)-ZH(1Z)

SNN = S(NN)

Do 661 I=1,2

YyYy = Yv(D

CALL INFSUB (BOTsFULI) FVII)FW(I))

APHI==APHI

ApSIa=-APS]

CONTINUE

VELIN =  ((FW(l)+FW(2)) = (FV(1)+FV(2)) * TAN(APHI) )}*CIRINN+2)
/FPI « VELIN

IF (NNJLTNNN +OR. NN.EQ,M ) GO TO €16

17=12+1

NNN=NNN+TBLSCwW (12)

CONTINUE

cree = = (VELIN = 1. ) *2, * CIR(NV,2)

SECTRST(12Z) = SECTRST(I72) + CTCP

IF (NV.LT.NNV ,OR. NV.EQ,M } GO TO 614

122=127+1

NNV=NNV+TBLSCwW (122

CONTINUE :

RETURN

END

MATX
MATX
MATX
MATX
MATX
MATX
MATX
MATX
MATX
MATX
MATX
MATX
MATX
MATX
MATX
MATX
MATX
MATX
MATX
MATX
MATX
MATX
MATX
MATX
MATX
MATX
MATX
MATX
MATX
MATX
MATX
MATX
MATX
MATX
MATX
MATX
MATX
MATX
MATX

610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800
810
820
230
840
850
860
870
880
890
900
510
920
930
940
950
960
970
980
990
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OVFRLAY (WINGT{ 9340) AERN 10
PRAGRAY AERODYN AERO 20
DIMENSTON CPM(2) 2 YCP(2) s YY (2} oVOU (17002 eUNU (12092} oF11{2) $FV(P) s AERN 30
IXTLEG(AQ) «CHLFT(12002) yCLCC120 4™ oY TIFGIS0) oSIDT(50) +CLA(Z) + SUM{PAERD 40

2) 0 AC(2) 4 CH(2920) s CCAV(2950) o CLCL (24501 e CP(120) oFW(2) AEROQ S0
39DIFCIRPS(25) y YLEGSV(25) s ZLEGSVI2R) 4 CLPT(12042) +CLPR{1202) AERQO 60
COMMON/AL L/ RNTeMsBETASPTEST ATEST,, TRLSCWI(S0) 4N (120} 4PN{120), AERD 70

1 PV (1201 9A1LP(120)4S(120)+PST(120)+PHI(120)4ZH(S0) AERN RO
COMMON/TOTHRE/ CIR(12042) 4SFCTRST(50) AERN 90
COMMON/ONETHRE /TWIST (2) sCREF o SREF 4 CAVE 4 CLDES s STRUE y ARy ARTRUF AERN 100

1 RTCOHT (2) s CONFIGoNSSWSV (2) 4MSV (2) yKBOT+PLAN+ IPLAN,MACH AEROQ 110
2 s SSWWA(S0) AERN 120
COMMON/THRECDT/SLOAD (3,50) AERD 130
COMMON/INSUB23/APST s APHI XX #YYY4ZZ +SNNsTOLCSO AERO 140

1 FORMAT (/ 12x, ®#SECOND PLANFORM HORSESHOE VORTEX DESCRIPTIONS® / AERQ 150
3 FORMAT (6F12.5) AERN 160
4 FORMAT (1H1///58X+16HAERODYNAMIC DATA///S4X, #CONFIGURATION AFRO 170
INO.#F7.0 // ) AERD 1890
S FORMAT (1H1+18X*COMPLETE CONFIGURATION®#31X#WING-BODY CHARACTERISTICAERA 190
1S# / &ax #{ IFT# 9X #INDUCED DRAG (FAR FIELD SOLUTION)®// AERO 200
2 16X A8 * CL COMPUTED ALPHA®]19X ®#CL(WB)® 7X #CDI AT CL(WB)®*AERO 210
3 4X S1S5HCDI/Z (CL(WB)Y#82) / B8BX 12H(1/(PI®AR) = FB.5 % )& ) AERN P20
6 FORMAT (11X92Fi5.5915X43F15,.5) AERO 230
7 FORMAT(////4X411H REF, CHORDy6Xs2SHC AVERAGE TRUE AREA 42X AERN 240
1%REFERENCE AREA#9X#B/2# BXe7THREF, ARsBXTHTRUE ARs4Xs11HMACH NUMRAERO 250
2ER/) AERO 260
8 FORMAT (8F15.5) AERG 270
11 FORMAT (/// 47X #COMPLETE CONFIGURATION CHARACTERISTICS® ,/ AERN 280
1 36X *CL ALPHA® 8X #CL (TWIST) ALPHA AT CL=0 Y CP CM/CL AERO 290
2 CMO® / 2T7x @*PER RADIAN PER NEGREE®# / 24X,7F12.5 ) AERO 200
12 FORMAT (//25X+2ADDITIONAL LOADING#/24X#WITH CL BASED ON S(TRUE)® AERN 310
1 /67X34HLOAD DUE ADD., LOAD AT BASIC LOAD3X.27HSPAN LNAD AAERD 320

2T SL COEF FROM/BH STATION6XSH 2Y/B9X9H SL COEF +4X8HCL RATIN,G4X7AERO 330
3HC RATIO+7Xs14HTO TWIST CL=yF9.5+3Xs THAT CL=05X,26HDESIRED CL AERN 40

4 CHORD BD VOR/) AERO 1350

13 FORMAT (/ 47X, #CONTRIBUTION OF THE SECOND PLANFORM TO SPAN LOAD NAERN 360
1ISTRIBUTION® , ) AERO 370

15 FORMAT (4X914,F12.545X93F12.553X93F12.543X»2F12,5) AERN 1380
16 FORMAT (1HD) ) AERO 1390
18 FORMAT(///755%s21HTHIS CASE IS FINISHED) AERN 400
20 FORMAT(///5X#DELTA CP TERMS FROM LE TIP TO TE TIP THEN INROARD AERO 410
LENDING WITH THE TE OF ROOT CHORD *) AERN 420

2: FORMAT ( /S4X%CMQ AND CLQ ARE COMPUTED#//) AERN 430
22 FORMAT (/38X#STATIC LONGITUDINAL AERODYNAMIC COEFFICIENTS ARE ~OMPUAERQ 440
1TED=//) AERN 450

23 FORMAT ( /59X#CLP IS COMPUTED®//) AERO 460
24 FORMAT(8F15.5) AERO 470
25 FORMAT (/20X #X® 11X #x# 11X #Y# J]1X #Z® ]2X #S® Sx 8(C/4 SWEEP® 4XAERO 480
1 «DIHEDRAL® 2X ®LOCAL ALPHA® 2X #PELTA CP AT DESIRED® / AERO 490

2 19X #C/4% Gx #IC/4® 42X #ANGLE®7X,#ANGLE® 4X,#IN RADIANSH 4X AERO S00

3 #CL =% F10,5 /) AFRO 510
303 FORMAT(12X49F12,5) AERN 520
1013 FORMAT(/47X#CONTRIBUTION OF THE SECOND PLANFORM TO THE CHORD QR DRAERD 530
1AG FORCE#/) AERO 540
1070 FORMAT (//// 30X, =INDUCED DRAG, LEADING EDGE THRUST AND SUGTIO" AERO 550
1 COEFFICIENT CHARACTERISTICS#/ AERO 560

2 34x *=COMPUTED AT ONE RADIAN ANGLE OF ATTACK FROM A NEAR FIELP SOi AERO 570
JUTION® // AERN 580

4 58X #SECTION COEFFICIENTS® 12X #CONTRIBUTIONS TO TOTAL COEF.®/ AERO 590

5 92X #FROM EACH SPANWISE ROW# / AERN /00

6 38X ®L, E. SWEEP® / AERO A10
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15X #STATION® 9X # 2Y/B# 55X sANRLF® SXBCDIT C/28# 55X #CT Cyov®

5xX 8CS Cs2Rs AX®CDII® 9X #CT* 10X #CS# )
FORMAT (10X 4710+ 5Xs RF12.5)
FORMAT (/77 STX.#TOTAL COEFFICIFNTS® //
36X 1PHEDII/CL 882 = F10.5 95X «CT=# F10.54 5X #Cs=¢ F10,5 )

FORMAT (////710x*INVALID LEADING EDGE SWEEP BEING USED. THF CnSTNF -

% Gl4.5 ® FOR THE® I5 # SPANWISE ROw. CS 1S WRONG.*#)
FORMAT(//77/77777756Xs4HCLP=4FQe5////)
FORMAT(//////////42x.AHCM0=.FQ.5,lOX.AHCLO:,Fq.s////)

PART 3 - COMPUTE OUTPUT TERMS

RAD = 57.2957R
TWST = TWIST(1) + TWIST(2)
ALREF 1

THE TOLERANCE SET AT THIS POINT IN THE PROGRAM MAY NEED TO BRE
CHANGED FOR COMPUTERS OTHER THAN THE CDC 6000 SERIES

TOLC= .0100%#BOT

TOLCSG = TOLC#TOLC

QINF=1.

NSSW=NSSWSV (1) #+NSSWSV(2)

IF (RTCDHT (1) .NE.RTCDHT (2)) GO TO 794
SUMPHI=0

DO 801 J=1+NSSW
SUMPHI=SUMPHI «ABS (PHT ()}

IF (SUMPHI .EQ.0.) GO TO 921

PART 3 - SECTION 1
COMPUTE LIFT AND PITCHING MOMENT FOR WINGS WITH DIHEDRAL
GEOMETRY FOR TIP TRAILING LEGS

CPM(1)=CPM(?)=YCP(1)=YCP(?)=IM=CLT=CLNT=NSSN1=0

NSSW2 = NSSW3 = NSSWSVI1) S5L=)
NSCW = MSV(1) / NSSWSV(1)
GO TO 798

NSSW1 = NSSWSVI(1)

NSSW2 = NSSW SNSSWI=NSSWSV (2} SL=NSSWSV (1) +1
NSCW = MSV(2) / NSSWSV(?)

I = IM + 1

J = IM 2

Tuy=2

DIFFCRI=0N.

APHI=ATAN(PHI(I))
TLXl=PN(I)-S(I)'TAN(PSI(I))
TLX2=PN(J) =S (J) #TAN(PST (J})
CLFTLG=TLX1=-TLX2
XTLEG(1)=TLX1/2.4TLX2/2e
YLEG=Q(I) =S (1) #COS (APHI)

IF (NSSW1.EQ.0) YLEGSV( 1)=YLEG
ZLEG=ZH (1) =S (1) *SIN(APHD)

IF (NSSW1,EQ.0) ZLEGSV( 1 1=2LEG

AFRN
AFRN
AERO
AFRY
AFRO
AFERN
AERA
AFRA
AFRG
AERN
AERQ
AERD
AERN
AF RO
AERD
AERND
AERN
AERD
AERN
AERO
AERN
AERO
AERD
AERO
AERO
AERO
AERQ
AERO
AERN
AERN
AERO
AERO
AERN
AERC
AERO
AERN
AERQ
AERO
AFERO
AERN

~20
£ 30
ALn
~5N
AAN
“61
~67
w70
ARQ
A90
700
710
720
739
740
750
760
770
780
790
ago
a10
220
Q30
840
]850
A60
RT0
880
R90
Q00
Q10
920
3390
a4 0
q50
360
970
980
Q90

AER0O100
AERNLIN10
AERO1020
AERO1130
AERO1040
AERO1950
AERO1N60
AERO1NTO
AER01080
AERO1NS0
AER01100
AERN1110
AERN1120
AERO1130
AERQO1140
AERN1150
AERQ1160
AERNYIYTO
AERNL1180
AERO1190
AERQL1200
AERN1210
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TFINSSWHT.FQJNSSWSVIL)) GO TO 85¢C AERO1220

G0l TN 852 AERC1230

850 DN 5050 TT=1.L AERQ1240
lF(fARS(YIFGSV(IT)—YLEG).LT.TGLC).AND.(ABS(ZLEGSV(!T)-ZLEG).LT.TELAERO[ZSO

1CV) DIFFCRI=NDIFCIRS(IT) AERC1260

5050 CONTINUF AERQL270
852 DO A2 NV=2 NSCW AERQO1280
NVT=NV-1 AERQO1290

R02 XTI FGINVI=XTLFEGINVTI-CLFTLG AERO1300
NCTI =0 $NA=1 $NB=NSCW AERGL1310

803 DN 823 AV=NA,NA AERQL320
VOUINV 11=VOUINV 2 ) =UCUINY 1 )=UJCUINV.2)=0. AERO1330

N0 AN9 NN=1,M AER(OL1340
T7=UNN=T}/NSCW+1 AERO1350
APHI=ATANIPHI(TI7 ) AERC1360
APST=PSTINN) AEROL370
XX=XTI FGINV)-PNINN} AERQ1380
YY{1)=YIFG-QUNN) AERC1390
YY(21=YI FG+QINN} AEROQL1400
77=71FG ~TH(17} AERQO1410

SNN = S{NN) AERG1420

C AERQ1430
NN R22 1=1.2 AER(O1440

YYY = YY(I) AERC1450

CAIY INFSUD {(BOTWFULTY FVLT)4Fa(T) ) AERQL460
APHT==APHI SAPSI=-APSI AERQL1470

A22 CONTINUF AEROL480

c AERC1490
9001 DN AR TIXX=1,?2 AERQLIS500
BOLNV. TXX) =UOUINV . IXX) + L{FUCL) #FUI?))#CIRINN, IXX})/12.5663T1 AERCLS10

809 VOUINV. IXXI=VOUINV IXX)+LLFVIL)+FVI2) )®CIR(NN. IXX)) /17.566371 AERQ1520
R?231 CONTINUF AERQOL1S30
NCTE=NCTI 41 AERO1540

TF INCTI=-2) 410,811,812 AERQO1550

C AEROL1560
C GFOMFTRY FCR SPANWISE BOUND VIPTIGES AFRCI570
c AERO1580
R10 NA=NSCW+!1 AFR(O1560
NA=Z2&NSCW AERO1600
JA=TMENSCW+] AERC1610

Yl FG=0R{ JA) AERC1620
TVFG=7H(TIM+1) AEROL630

N AIR U=14NSCW AERQO1640
JK=TVNRNSC W+ AERQOL1650
NV=J+NSCW AERQOL1660

H18 XTI FGINVI=PN(JIK) AEROL670
GN TN A03 AERG1680

C AEROJ1690
C GFOMFTRY Al ONG RIGHT TRAIL ING LEGS BERQOLTO0
¢ AEROLTIO
R11 NA=7%NSCw+1 AERDO1T720
NA=3&NSCw AEROL730
DIFFCR?=0. AERO1740
JK=TMANSO W+ AERC1750

APHT =ATAN(PHI(TM+1)) AERQO1760
YIFG=JlJK)+S{JK):COS{APHI) AEROL770
TEFANSSW1.F0.0) YLFGSV{IUU)=YLFY AERC1780
JHFG=7HETM+ 1) +S{IK)IESINLAPHI) AEROL1790
TEINSSWI.FC.O) 7LFGSVIILU)=ZLEG AER(O1800
TEXV=PN(IKI+STIKISTAN{PSI(JK)) AFROLB10
AK=JK+] AER{11820
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TLX2=PN{JK)+SEIKI*TAN(PSI{IK))
CRTTLG=TLX1-TLX2
XTLFGINA)=TLX1/2.,4TLX2/2.
NAA=NA+1

TFI(NSSWI.FO.NSSWSVI1))} GO TO 851
60 T0D 853

nO 5051 1T=1.t

IF((ARS(VLEGSV(lTl—YLEG).LT.TOLC).AND.(ABS(7LEGSV(ITI-ZLEG).

1CY) DIFFCR2=DIFCIRS{IT)
CONT INUF

PO R19 NV=NAA.NB

NVT=NV-]

XTI FGINVI=XTLEGINVT)-CRTTLG
G0 TO 803

COMPUTE LIFT AND PITCHING MCMENT FOR EACH ELEMENTAL PANEL

YY(1)=YY(2)=0

TF ( TM.NE.NSSWL )} GO TO 834

N 835 IXX=1.2

DIFCIR=DIFFCRI

NO 835 NPOS=1.NSCW

DIFCIR=DIFCIR+CIR{NPOS, IXX)

CON=1.

IF (NPOS.EQ.NSCW)  CON=.75

CHLFT(NPOS, IXX)=CLFTLG®CCN®DIFC IR®#VOUINPDS, IXX)* (2. /SREF)
CLPTUNPOS IXX)}=CHLFT{NPOS, IXX)#(Q(NPOS)-SINPOS) I *2.
CONTINUF

IFINSSWI.EQ.0) DIFCIRS( 1 )=0IFCIR

DO 815 IXX=1,2

DIFC IR=DIEFCR?

DO A15 NPOS=1.NSCW

JK=TMENSCW+NPOS

JU={ TM+ 1) *NSCHW#NPOS

JM=NSCW+NPQOS

JN=2ENSCH+NPOS

IF 1TM.FO.INSSW2-1)) GO TO 836
DIFCTR=DIFCIR4CIR{IL, IXX)-CIR(JKSTXXD

CON=1.

IF (NPNS.EQ.NSCW) CON=.75
CHUFTEJL<IXX)=CRTTLG*CON®D IFC IR$VOU [ JN. IXX)#(2./SRFF)

AERCLB30C
AEROLB40
ACRO1850
AERC1860
AERQOLBTO
AERC1880
AEROL1890
LT.TCLAERQL900
AERO1910
AERO1920
AEROL1930
AER(Q1940
AERC1950
AERDO1960
AERC1S70
AERO1980
AERO1990
AER(02000
AERO2010
AERQ2020
AERG2030
AER02040
AERQ2050
AERO2060
AERC2070
AER(Q2080
AEROQ2090
AER02100
AERQ2110
AERQO2120
AERO2130
AERC2140
AERO2150
AERG2160
AERQ2170
AERQ2180
AERC2190
AERO2200
AERQ2210
AERC2220
AERQ2230

CLCC(JKoIXX)=(2.ISRFF)‘CIR(JK,IXX)*?.*S(JK)*CDS(APHI)* (1.-UCU(JN,AER(Q2240

LUXX I #VOUT M IXXISTANIPSI(JKI))

CLPRALJIK . IXX)I=CLCCI K, IXX)*Q(JK) *2.

CLPTUIL « IXX)=CHLFTUIL o IXX) #{QUIKI+5SUIK) ) *2,
VYllXXI=YY(lXXlOICLCC(JK'lXX)&CHLFT(JK.IXXIl*Z.

AERO2250
AERO2260
AERQ2270
AERO2280

CPHIIXKI=CPM|IXXI*ICLCC(JK:[XX)*XTLEG(JH)‘BPTA+CHLFT(JK-IXX)*XTLEGAERGZZQO

1(NPOS)I*#RETA)*2,./CREF

AER02300

YCPIIXX)=YCP(IXX)’ICLCC(JK'XKX)*0(JK)+CHtFT(JK-IXX)*(O(JK)—S(JKD* AERO2310

ICOSTAPHIN)}/BOT

CONT INUE

IF{NSSW1.FQ.0) DIFCIRS{IUUI=DIFCIR
CLT=CLT+YY(1)

CLNT=CLNT+YY(2)

IM=THM+1

TFINSSW1.EQ.0) TUU=IM+2
TFCIM.FO.NSSHSVIL) ) CLWNGT=CLT
TFITM.FO.NSSWSVI1)) CLWING=CLNT
IF [ TM.GF.NSSW2) GO TO 816
NCTL=1

PN 817 IXX=1.2

AERG2320
AERQ2330
AERO2340
AERG2350
AERO2360
AERG2370
AERC2380
AERO2390
AER(02400
AERG2410
AERD2420
AERO02430
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N AR17 AV =1.NSCW
NY=NV+2*NSCW
XTIFGINVI=XTILFG(NY)

A17 VOUINV. ITXXI=VOU(NY. TXX)
GO T 810

ann

816 YY1 )=CLT*SRFF/STRUE
YY{2)=CUINT*SRFF/STRUE
NUP=NSSW3 + 1
YTLFGINUP)I=0.

XTI EGINUP)}=0

IND=1

IF ITWSY JFQ.0.) IND=2
NN AR3IT7 TXX=IND.?

NN 820 JSSw=LNSSW?
SEOADTT XX+ JSSW) =0

SInTH JSSWI=0
APHT=ATAN(PHI(JSSW))
JE=(ISSW—L ) *NSCHW+1
K=JSSH-1 +1

R20 YTIFGE K 1=Q4JL)-STJLI*CCS{APHI)
DO 837 TINC=1.NSCHW
NO A38 JUNS=L«NSSW2
JK=T.INS-1)*NSCW+INC
K=JNS-1+1

838 XTIFG( K ¥=CHLFT(JK,IXX)
NN 837 INS=L.NSSK2
JK=(TNS-1}¥NSCW+INC
APHT =ATAN(PHT{INS))

SUM I TFT AND PITCHING MCMENT FOR ENTIRFE WING

CALY FTIUP {(OUJK)Y2CHTLF 441 4NUP,YTLFEG+XTIFG}

T= SRFF/{2.#SUJKI*COS{APHI )*CAVE)
SEDTUINS)I=SLDTIINSY#CHTLF*T
CLCCLIKIXX) = (CLCC{JIK,IXX) ¢ CHTLF } *

T

A37 SEDADTTXXs INSI=SLOAD{IXX, INSY+ CLCCUJK, IXX)

IF {IMJNF.NSSWY GO TO 766
ClLA{?21=CENT /Al REF

CMCI =CPM(2)/CLNT
CMO=CPMIT)-CHCLECL T
YCPU2)=YCPL2)}/ICULNT/2,.)

N0 840 T=1.NSSW
SIDTUIY=SLDTII}Y/YYL?)

TF (TWST .FQ.0.) SLOAD(1,I)=0.

IF (TWST .NF.0.) SLOAD(L,I)=SLOAD(L.T)/YY( 1)

840 SINADI2.1) = SLOAD(Z2,11/YY{(2)
CRL=0.
O AG0 TAM=1.M

A60 CRI=CRI +CLPRITAM,2}+CLPT(IAM,2)
CLP=CRIL /{.08725%2,%R0T)
GO T 903

PART 3 - SECTION 2
COMPUTE L IFT AND PITCHINS MCMENT FOR

aEaxEake]

921 DO 9C1 NV=1.2
SUMINVY=0
NO 901 I=1,M
SUMINVI=SUMINV)I+CIR{T+NVI®S({])
TF {NV.FOQ.1.AND.T.EQ.MSV(L) )} CLWNGT
TF INV.FQ.?.AND.T.EQ.MSVI1) ) CLWING

112

WINGS WITHOUT DIHEDRAL

SUM(1)*8., / SREF
SUM(2)%8. / SREF

AER02440
AER(G2450
AERQ2460
AERQ24T0
AER02480
AERG2490
AER(O2500
AERQ2510
AERQ2520
AER02530
AERO2540
AERO2550
AERQO2560
AERC2570
AERO2580
AERQ2590
AER(02600
AERDO2610
AERQ2620
AERQZ2630
AERQ2640
AERC2650
AERO2660
AERQ26T70
AER(C2680
AER(02690
AERO2700
AERO2710
AERO2720
AERQ2730
AERO2740
AERQ2750
AERQ2760
AERQ2770
AERC2780
AERO2790
AERO2800
AER(Q2810
AEROZ2820
AER02830
AERC2840
AERQ2850
AERO2860
AERO2870
AERQ2880
AER(2890
AERO2900
AER(Q2910
AER(GZ2920
AER02930
AER(Q2940
AER(02950
AER(O2960
AERO02970
AEROZ2980
AER02990
AERO3000
AERO3010
AERQ3020
AERO3030
AERD3040
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CONTINUF

QT = R.* SUM(1}/SREF

CLNT = A.% SUMI2)/SREF

IF (KBOT.FO.L1D G0 T0 800
CLWNGT = CLT - CLWNGT

CLWING = CLNT- CLWING

CRI = 0.

NN 905 T=1.M

CRL=CRI +{QITI&CIR(T.2)%2.%S[ 1)} *2.
CICCUTL1I=CIR(T.1)%2,/CAVE
CLCCLT.2)=CIRIT.2)1*2,/CAVE

COMPUTF CLP

ClLp= CRL/ISRFF*RNT*0.08725)
CLA{2)=CLNT

DO 922 IXXF1e7

SA=SR=SC=0.

{ =0

DO 920 JSSW=1,NSSW

SENTLISSHI=0

SENADET XX JSSWE=0

NSCW = TBLSCW{JSSW)

NN 920 JSCW=1.NSCW

TE({TWST .FQ.0..AND.IXX.EQ.1) GO TO 930
1 =1 +1

SA=SACIRII.IXX)*SLT)
SB=SB+CIR(T,IXX)1*Q(E)*S(1)
SC=SCHCTRITLIXX)I®PNITI*SLI}I*BETA
SINANDIT XX« JSSW) = SLOAD([XX.JSSN)*IHOT*CIR(I'[XX)l/(?.*SUM(IXX))
GO TO 920

SLOADI1 «JSSW)I=0.

CONTTNUF

TFITWST .FO0.0..AND.IXX.EQ.1)} GO TO 9332
YCPLI XX )=SA/(SA*ROT)
AC{IXX)=SC/ISA*CRFF)

G0 TO 922

YCPI1Y=AC(1)=0.

CONT INUF

CMCL=AC(?)

CMO={AC(1)=-AC(21)*CLT

PART 3 - SECTICN 3
COMPUTE AND PRINT FINAL OUTPUT DATA FOR ALL WINGS

DO 902 IXX=1.?

JN =0

NO 902 JSSW=1+NSSW

CH (T1XXeJSSWI=0

NSCW = TBLSCWIJSSW)

NN 904 JSCW=1NSCH

JN = JN + 1

CH (lXX-JSSH)=(—?.0)*(PV(JN)-PN(JN))*BFTA+CH {IXXsJSSHW)
CONT INUF

COAVETXXeJSSWI=CHITXX,JSSW)/CAVE
ClCll[XX-JSSN|=Sl0AD(IXX'JSSH)/CCAV([XX.JSSH)

CONT INUF

CLDO=CLDFS

IFICINES.FO11) CLD=1.

Nno 1020 T=1.M

ceirn = (CLCCIT.1)+CLCCUI,2)%(CLD —CLT)Y/CLNT)*CAVF/ZI2.%(PN(T)~

AERC3050
AERC3060
AERU3070
AERU3080
AERO3050
AERG3100
AERQ3L10
AZR03120
AERO31130
AERC3140
AERO315)
AFRG3160
AGRO3170
AER(O2180
AERC319C
AER(Q3200
AERQ2210
AERG2220
AER03230
AERC3240
AERO325)
AZRC3260
AER(O3270
AER03280
AERC3260C
AERG3300
AERN2210
AERC3320
AERO3330
AERO3340
AERD]3350
AERC3360
AERD3370
AER(O3380
AERO3390
AERC3400
AE’N3410
AERC3420
AERC1430
AERQ3440
AERC3450
AERD3460
AERC34170
AER(03480
AERC3430
AER(G3500
AERC3510
AER(Q3520
AFRC3530
AERN3540
AERQO3550
AERO3560
AERC3570
AER03580
AER(G3590
AERO3600
AERO3610
AERN3620
AERC3¢30
AERO3640
AERG365C
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1 PVI(I) ) # AETA ) . AER03660
1020 CONTINUE AERQ36T70
WRITE (6,4) CONFIG AER0O3680
IE ( PTEST.NE.O0. ) WRITE (6,23) AEROIGS0
IF ( QTEST.NE.O0. ) WRITE (6,21) AERQO3700
IF  ( PTEST.FQ.0. .AND. OTEST.EQ.0. ) WRITE (6422) AERQ3710
WRITE(6,+25) C(D AERQ3720
HEAD = BHDESIRED AER0I730
IF (CLDES.EQ.11. ) HFEAD = gH AERQ3740
IEND = 1} AERQO37SO
IFtCLDES,NEs11.) IEND=1 AER0I3760
Do S000 1UTK=1,IEND AEROITTO
IF(IEND.EQe11) CLDES=(FLOAT(IUTK)=14)/10, AERQ3780
IF(CLDES,EQ.0,) CLDES=-4) AERC3790
NR = 0 AERC3800
DO 3006 NV=1,NSSW AER03810
NSCW = TBLSCW(NV) AER03220
Np = NR « 1 AERC3IAI0
NR = NR « NSCW AERO3R40
PHIPR = ATAN(PHI(NV)) ¢ RAD AER03250
S 0AD{3,NV) =0, AERQ3860
IF (NV.EN. (NSSWSVIL) « 1) ) WRITE (6+1) AERQ03870
Do 3006 I=NP,NR AER038R0
IF ( IUTX.GT,.1 ) GO TO 3006 AER(C3890
PNPR = PN(I) ® BETA AERC3900
PYPR = PV(1) # RETA AERQO3910
PSIPR = PSI(I)# RAD AER(03920

WRITE (6,303) PNPR;PVPR.O(I)'ZH(NV)oS(I)qPSIPRoPHlPR.ALP(I).CP(I) AERQ3930
3006 SLOAD(3.NV)=SLOAD(3vNV)’CLCC(loZ)'CLDES/CLNTOCLCC(I-l)-CLCC(Io?)'CAERC3°40

1ILT/CLNT AERC 3950
IF(JUTK.6T.1) GO TO 3007 AER(3960

WRITE (6.7 AFRQ3970

WRITE (648) CREF,CAVEySTRUEsSREF, BCTsARyARTRLE sMACH AFR0O3980

3007 CONTINUE AERC3990
c AERC4000
c AERO4010
IF(PTEST.NE.O,)WRITE (6,4445) CLP AERC4020
IF(PTEST.NE.0,) GO TO 44as AERC4030

c AFRC4040
o COMPUTE CMQ.CLQ AERC40S0
o AERC4060
CMQ32,0#CMCL®CLNT/ {0, 08725 4CREF) AFRQ40T70
CL0=2.09CLNT/ (0.0B7254CRFF) AERC4080
IF(QTESTLNE.0,) WRITE(6+0446) CMQ,CLQ AFR(4090
IF(QTEST.NE.0,) GO TO 44ub AERC4100

¢ AFRQ4110
c COMPUTE TNDUCED DRaG AFRC4120
< AERC4130
NSVENSSWSV (1) +] AFRC4140
MTOT=MSY (1) +] AERC4150
IF(KBOT,EQ.1) GO TO 1001 AERC4160
NSVaNSV+NSSWSY (2) AERC4170
MTOT=MTOT+MSV (?) AERC4180

1001 CaLL C€DICLS (AR s ARTRUFE yNSSWSV (KBOT) sMTOT sNSVCDICDIT) AERC4190
CLAPD=CLA(?) /57.29578 AERN4200
ALPO=~(CLT/CLA(2))*#57,29578 AERN4210
ALPD=CLDFS/CLAPD+ALPO AERC4220
ALPW=1,/CLAPD AERC4230
CLWB=CLWING®ALPD/57.29578+CLWNGT AER04240

CDIWB = CDT /(CLWA*CLWR) : AERC4250

IF (IUTK,EQ.1) WRITE (6,5) HEAD,CDIT AERC4260
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5000 WRITE (6.6) CLDESsALPD,CLWB.C
WRITE(6411) CLA(2)+CLAPDSCLT,
WRITE(6512) CLT
NR = J =0
DO 1004 NV=1,NSSW
BCLCC=BADLAE=BASLD=0.

NSCW = TBLSCW(NV)
NP = NR « 1
NR = NR + NSCW

DO 1002 I=NP,NR
ADLAESCLCC(I.Z)'CLT/CLNT
BSLD=CLCC(I51)-ADLAE
BCLCC=BCLCC+CLCC(Is1)
BADLAE=BADLAE+ADLAE
BASLD=BASLD+BSLD
1002 CONTINUE
J = J + NSCW
YQ = Q(J)y 7/ BOT
If (NV.EO. (NSSWSVI1)+1)) WRI
1004 WRITE(6s 1S) NVsYQsSLOAD(2eNV
1 BASLDsSLOAD {3sNV) o SLDT{NV)
WRITE (6,1070)
CTHRUST = CSUCT = CDRAG =0,
NN=1
DO 1050 NV=1,NSSW
SSCTRST = SECTRST{NV) / (4.8
SSCDRAG = SLOAD (24NV) * CAVE

1 - SSCTRST

CSSWWA = COS ( ATAN (SSWWA (N
SSCSUCT = SSCTRST /s CSSwW
IF (NV.EQ.1) GO TO 1060

NN = NN ¢ TBLSCW(NV=1)

1060 PHIPR = ATAN (PHI(NV))
CORAGS = SSCDRAG®4.#BOT®2.4S
CDRAG = CDRAG + 2.0 ® COR

CTHRUSS = SECTRST(NV)#2.*S (NN

CTHRUST = CTHRUST + 2.0 * CTH
CSUCTS = CTHRUSS / CSSWWA
IF THE ABSOLUTE VALUE OF THE
THAN 80 DEGREES NO SUCTION CO
IF ( CSSWWA LT 0.17365)

IF ( CSSWWA .LTe. 0. )
CsuCT = CSUCT + 2,0 * CSU
SWALE = ATAN(SSWWA(NV)) # R
YQ = QGI(NN)/ BOT
IF (NV.EQ, (NSSWSV (1) +1)) WRITE

1050 WRITE (6,1071) NVsYQysSWALESSS
1 CSUCTS
CORAGP = CDRAG / (CLA(2)%CL
WRITE (6,1072) CDRAGPCTHRUSY

4444 WRITE(6+18)

WRITE(6416)
RETURN
END

APPENDIX D

DILCDIWB
ALPO+YCP (2) »CHMCL s CMO

TE(64513)
)’CLCL(ZQNV)vCCAV(ZoNV)QBCLCC'BADLAEo

oT)
®» GREF ® CLA(2) / (STRUE * 4. * BOT)

LARD]
A

{NN) #COS (PHIPR) /SREF
AGS

) #COS(PHIPR) / SREF
RUSS

LEADING EDGE SWEEP ANGLE IS GREATER
NTRIBUTION IS COMPUTED

csuctTs = 0.

WRITE (691074) CSSWWANV

CcTS

AD

(641013}
CDRAGgSSCTRST-SSCSUCT.CDRAGS,CTHPUSS¢

Al2Y)
sCSUCT

AERO4270
AER04780
AERO4290
AER041300
AER041310
AER0O4120
AFRO4330
AER0G4140
AERQ41350
AERN4360
AERQ43T70
AER041380
AERN41390
AER04400
AER04410
AERQ4420
AER04430
AERO4440
AER044S0
AERDG460
AERN44T0
AEROL44BO
AERN&490
AERQ4S00
AERO4S10
AFERN4520
AER04530
AER0&4S40
AER04550
AER04560
AER0O&4STO
AER04580
AERO4S90
AER04500
AERO4610
AER04620
AERO4A30
AERQ4A4LD
AERO464)
AERO4KSH2
AERN4K/43D
AERQ4644L
AERO4650
AERO4660
AERN46TO
AERO46KR0
AER04590
AERO4TO0
AER047T10
AERD4720
AER04730
AERO4740
AERQ4750
AER04T60
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101

1

02

600
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SUBROUTIME CNTCLS (ARWARTRUE « TSEMSP o MTOTyNSV.CDI«CNIT)
DIMENSTION ETAN(S]) 4GAMPR (ST a1)sFTA(4]) ¢GAMMAILL) SVF (4]1) 4R (4]),
1FVN(4141)

COMMON/ALL/ RNToMsBETASPTFSTHNTFSTTRALSCWI(S0) «O{120)«PN(120),
1 Py (120)sALP(170)+S(120)4PSTI(120)sPRI(120)+ZH(S0)
COMMON/THRECDT/SLOAD(3.50)

DO 1S T=1441

DO 15 .i=l441

FYN{I«.})=D

SPAN=2 ,#R0OT

CAVB=SPAN/ARTRUE

PI=4314159265F+01

NST=TSFMGP«]

NN=MTOT

DO 101 N=1.1SFMSP

NM=NSV - N

NSCW=TRLSCW (NM)

NN=NN=-NSCW

ETAN(N) =ASIN(=-O(NN)#2,/SPAN)

GAMPR (N4 1) =SLNAD (34NM) #CAVB/ (2. #SPAN)

CONTINUE

ETAN(NSTY= PY /2,

GAMPR(NSTs1)=0

DO 7 NP= 1441

ANP=NP

ETA(NP)= (ANP=-21.)#PI/42,

DO 102 Jk=21,41

CALL FTLUPIETA(JK) s GAMMA(JK) o 1 sMNSTHETANGAMPR)
CONTINUE

D0 600 NY=22.41

ETA(NY)=SIN(ETA(NY))

NR=42-NY

ETA(NR)=<ETA (NY)}

GAMMA (MR} =GAMMA (NY)

DO 589 Nu=21.41

ANU=NU

DO 14 M=1,.41

AN=N

NNUD=IABS (N=NI}}
VE(N)=COS(((AN=214,)#PI)/42,)

TF (NNUN NEWLN) GO TO o
BINI=(42,)/(4,0%COS{((ANU=21.)®*PT)/42.))
GO TO 14

IF (MOD(NNUD+2) sEQe0) GO TD 12

BIN)=VE (MY 7L (42 ) #(ETA(N) =ETA(NY) ) #u2)
GO TO 14

B(N)=0.0

CONTINUE

DO 585 NP=21,41

NUST =TARS(NU-21)

IF (NUST.FQ.0) GO TO 589

IF (MOD(NUST»?).EQ.0) GN TO 589
NPST=IABS(NP-20)

IF (MOD(NPST,?).EQ.0) GO TN 5AK9
NPNUD=TARS (NP-NU)

IF (NPNUD,L,EQ.0) GO TO 5849

IF (MOD (NPNUD,42).EG.0) GO TO 5RY
FVNINUsNP) =2,0#B(NP) /21 2COS((ANU=-21.) #P1/42,)
1T=42-NU

coIC
cnic
CDIC
corc
cpIc
cnIcC
cDIC
cn1cC
CDIC
cprc
cbIC
CDIC
CnIC
CDIC
coIcC
CnIC
CnIcC
chnICc
CDIC
CpIC
CcbIcC
€DIC
CDIC
¢pIC
CDIcC
cnic
CDIC
cDIC
CDIC
chIC
co1C
CDIC
CDIC
cniIcC
CDIC
CoIC
CDIC
cDIC
cDIC
COIC
coIC
colIc
cDIC
CDIC
CDIC
CDIC
CDIC
CDIC
CDIC
CDIC
CDIC
coIc
cp1c
ChIC
cntc
€DIC
chIC
CDIC
CDIC
cnic

170
180
190
200
’10
220
230
240
°50
260
270
280
2990
100
18
320
330
340
350
160
370
RE ]
3190
400
«10
az20
a3o
440
450
+60
'»&70
480
490
500
510
&20
S3n
540
550
560
“70
SR
90
~00
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ITT=42-NP "
FVN(NU.ITT)=?.09R(ITT)/21.“COS((AMU-71.)*PI/“?.)
FUN(ITWNP)=FYN(NU.TITT)

FYN(ITTTT)=FVYN(NULMPY

CONTINVE

CCC=0.1

DO 10 M=le4l

CCC=CCC+ (GAMMAIN) *GAMMA (N})

CCD=0.0

DO 11 NMUP=1.41

D 1 M=1,41
aniCCW-?ZO*FVN(NUPcN)*(GAMMA(NUD)“GAMMA(N))
CONTINUE

CNI=PI#AR/4 . # (CCC+CCN)
COIT=1./(PT#AR)

RETURN

END

cnic
cniIc
CDIC
cnIc
cnic
CDIC
CDIC
cnic
nIcC
CDTC
cniIc
CDIC
CDIC
cnIC
cDIC
cDIC
cniIc
cbIcC

Ll(\
=20
~30
40
A~50
A~60
~T0
AR0
~G0
700
710
720
730
740
750
760
770
780
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[N e Xgl

[eNeNel

10
15
20
32

[a¥eXal

40
45
50
60
70
8)

93
95
103
105

106

112

OO

139
140
159
160
170
200
205
219
220
230
250
260
270
310

e NeXal

1020
1005
1010
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SUBROUTINE MATINV{A,N,ByM,DETERM,IPIVOT,INDEX,NMAX, ISCALE)
SUBROUTINE REVISED 08-01-68 *k*&kdkkkkkMINY

MATRIX INVERSION WITH ACCOMPANYING SOLUTION OF LINEAR EQUATIONS

DIMENSION IPIVOT(N},AUNMAX,N]),B{NMAX, M}, INDEX(NMAX,2)

EQUIVALENCE (IRCW,JROW}, (ICOLUM,JCOLUM), (AMAX,
INITIALTIZATICN

1SCALE=0
R1=10.0**100
R2=1.0/R1
DETERM=1.0
DO 20 J=1,N
IPIVOT{(J}=0
DO 550 I=1,N

SEARCH FOR PIVAOT ELEMENT

AMAX=0.0

00 105 J=1.,N

IF (IPIVOT(JI-1Y 60, 105, 60

B0 100 K=]1.N

IfF (IPIVOT(K)-1) 80, 100, 740
IF (ABS(AMAX)}-ABS{A(J,K)}))85,100.+100
IROW=J

ICOLUM=K

AMAX=A{ JsK]}

CONTINUE

CONTINUE

IF (AMAX) 110,106,110
DETERM=0.0

ISCALE=0

GO TO 740
IPIVOT(ICOLUM)=IPIVOT(ICOLUM)+]

INTERCHANGE ROWS TO PUT PIVOT ELEMENT ON DIAGONAL

IF (IROW-ICOLUM) 140, 260, 140
DETERM=-DETERM

DO 200 L=1,N
SWAP=A{TROW,L)

A(TROWy L)=ACICCLUM, L)}
A(ICOLUM,L)=SwWAP

IF(M) 260, 260, 210

DO 250 L=1l, M
SWAP=B{IROW,L)

B{IROW, LI=B{ICCLUM,L)
B{ICOLUM,L)=SWAP
INDEX{I,1)=IR0OW
INDEX{]1,2)=ICOLUM
PIVOT=A(ICOLUM, ICOLUM)
iF (PIVOT) 10C0,106,1000

SCALE THE DETERNMINANT
PIVOTI=PIVCT

IF(ABS(DETERM)-R1}$1030,10i0,1010
DETERM=DETERM/R]1

MINV

MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV

190
200
210
220
230
240
250
260
270
280
29C
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450

470
480

500
510
520
530
540
550
560
570
580
590
600

i



Ao

aGO

a0t

1020

1030
1040

10590

1060
1070

1080

1090
2000

2010

320

330
340
250
355
360
370

380
390
400
420
430
450
455
460
500
550

600
6137
620
630
640
650
660
670
703
705
713
T40
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ISCALE=ISCALE+]
IF(ABS(DETER™)-R1)1060,1020,1020
DETERM=DETERM/RI1

ISCALE=ISCALE+]

GO TO 1060
IF(ABS(DETERM)-R2)1040,1040,1060
DETERM=DETERM*R1

ISCALE=ISCALE~-1
IF(ABS(DETERM)-R2)1050,1050,1060
DETERM=DETERM*R]

ISCALE=ISCALE-1
TF{ABS(PIVOTI}-R1)1090,1070,1070
PIVOTI=PIVOTI/R]

ISCALE=ISCALE+]
IF(ABS(PIVOTII-R1})320,1080,1080
PIVOTI=PIVOTI/R]

[SCALE=ISCALE+]

GO 1O 320
IF(ABS(PIVOTI}~R2)2000,2000,320
PIVOTI=PIVOTI*R1

ISCALE=ISCALE-1
IF(ABS(PIVOTI)-R2)2010,2010,320
PIVOTI=PIVCTI*R1

ISCALE=1SCALE-]
DETERM=DETERM*PIVOTI

DIVIDE PIVCY ROW BY PIVOT ELEMENT

ACICOLUM, ICCLUM)=1.0

NJ 350 L=14N
ACICOLUM,L)=A(TICCLUN,L}/PIVOT
IF(M) 380, 380, 360

DO 370 L=14M
BCICOLUM,L)=B(ICTLUNM,L}/PIVOT

REDUCE NCN-PIVCT ROWS

DO 550 Ll=1,N

IF{L1-ICOLUM) 400, 550, 490
T=A(L1l, ICOLUM)
A(LL,ICOLUM)I=0.0

DO 450 L=1,M

A(LL L)=ACLL,LI=ACTCOLUM,L)*T
IF{M} 550, 550, 460

00 500 L=1.M

S(LL L)=B(L1yL)=BUICCLUM,L )T
CONTINUE

INTERCHANGE CCLUMNS

00 710 I=1,N
L=N¢1-]

IF (INDEX(L,1)-INDEX(L,2)) 630, 710,

JROW=INDEX{L+1)
JCOLUM=INDEX (L,2)

DO 705 K=l,4h
SWAP=A(K,JROW)
A(KyJROW)=A{K,JCCLUM)
A{KyJCOLUM)=SWAP
CONTINUE

CONTINUE

RETURN

END

MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV

810
820
830
840
850
860
870
880
890
900
910
920
930
940
950
960
970
980
990

MINV1000
MINVIOIO
MINV1020
MINV1030
MINV1040
MINV1050
MINV1060
MINV1070
MINV1080
MINV1090
MINV1100
MINVI110
MINV1120
MINV1130
MINV1140
MINV1150
MINV1160
MINV1170
MINV1180
MINV1160
MINV1200
MINV1210
MINV1220
MINV1230
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APPENDIX D

SUBRGUTINE FTLUP (X,Y,MsN,VARI,VARD] TLUP
CHdkiorkxXDOCUMENT DATE 09-12-69 SUBROUTINE REVISED 07-07-69 *k¥wxkkk&kkT_UP
C* MODIFICATION OF LIBRARY INTERPOLATION SUBROUTINE FTLUP TLUYP

DIMENSION VARI(1),VARD(11,V{3),YV(2) TLUP

DIMENSION I1(43}) TLYP
Cx TLUP
(o INITIALIZE ALL INTERVAL POINTERS TO -1.0 FOR MONOTONICITY CHECKTLUP

DATA (I1(J),9=1,43)/43%-1/ TLUP

WA=TABS (M) TLUP
C* TLUP
C* ASSIGN INTERVAL POINTER FOR GIVEN VARI TABLE TLUP
Cx THE SAME PCINTER WILL BE YSED ON A GIVEN VART TABLE EVERY TIME TLUP

LI=MCO(LCCF(VARI{1}),43)+] TLUP

I=1T(LI) TLUP

IF (I.GE.O) GC TO 10 TLUP

IF [N.LT.2) CC TC 10 TLUP
Cx* TLUP
C*MONOTONICITY CHECK TLUP

IF (VART(2}-VARI{1)} 1,1,3 TLUP
C* ERROR IN MCNOTONICITY TLUP

2 K=LDCF (VARI(1}) TLUP

PRINY 102 +Jy Ky (VARI(J)4Jd=14N}, (VARD{J)4JI=1,N) TLUP

102 FORMAT (1H1,* TABLE RELOW OUT OF ORDER FCR FTLUP AT POSITION * TLUP
1,15, /7% X TABLE 1S STORED IN LOCATION #,06,//186G15.8)} TLUP

STOP TLUP

C+ MONOTONIC CECREASING TLUP
1 DO 5 J=2,N TLUP

IF (VARI(J)-VARTI(J=1}15,242 TLUP

5 CONTINUE TLUP

GO 7O 10 TLUP

C* MONOTCNIC INCREASING TLUP
3 00 6 J=2,4N TLUP

IF (VARI(J}I-VARI(J-1))2,2,6 TLUP

6 CONTINUE TLUP

C* TLUP
C*INTERPOLATICN TLUP
10 IF (1.LE.O) I=1 TLUP

IF (1.GE.N) I=N-1 TLUP

IF (N.LE.1) GO TO 8 TLUP

IF (MA,NE.O) GC TO 99 TLUP
C* IzRO ORDER TLUP

8 Y=VARD(1) TLUP
GO TO 800 TLUP
C* LOCATE T INTERVAL €X{IJ.LE.X LT X(I+1}) TLUP
99 IF ({(VART(I)}-X)I*(VARI{I+1)=-X)}) 61,61,40 TLUP
C* IN GIVES DIRECTICN FOR SEARCH OF INTERVALS TLUP
40 IN=SIGN(1.05{VARICI+1)-VARI(I))*(X-VARI(I})} TLUP
C* IF X OUTSIDE ENDPCINTS, EXTRAPOLATE FROM END INTERVAL TLUP
41 IF ((I+IN}.LE.O) GC TO 61 TLUP

IF ((I+IN).CE.N} GO TO 61 TLUP

1=I+IN TLUP

IF ({VART(I)=-X)*(VARI(I+1)=-X)) 61,61,41 TLUP

61 IF (MAL.EQ.2) €O TO 200 TLUP

C* TLUP
C*FIRST ORDER TLUP
Y=(VARD(I)*(VART(I+1)=X)=VARO(I¢1}*{VART(I)=X)}/{VARI({I+1)-VART(T)TLUP

1 ) TLUP

GO 7O 800 TLUP
C* TLUP
CxSECOND ORDER TLUP
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IF (N.EQ.2) GO TO 2
IF {1.EQ.(N-1)) GO TO 209
1F (1.EQ.1l) GC 7O 201

C% PICK THIRD PCINT

201

209
702

803

5K= VARI(I+1}=VARI(I}

IF ((SK#*{X=VARTI(I-1)))1.LT.(SK*(VARI({I+2)=X]}) 6O TO 209
L=1I

60 TO 702

L=1-1

V(11=VART(L)-X

VI2)=VARI(L#1}-X

V(3)=VARI(L+2)-X

YY(1)={VARD (L}#V(21-VARD{L+1)#V (1) )/ (VART(L+1)-VARI(L))
YY(2)={VARD{L+1)#V(3)-VARD(L+2)%V(2))/(VART(L+2)=VART (L+1}}
Y= (YY(1)%V(3)=YY{2)*V(1]) )/ (VART(L+2)-VART(L})

II(LI)=T,

RETURN

END

TLUP
TLUP
TLUP
TLUP
TLUP
TLUP
TLUP
TLUP
TLUP
TLUP
TLUP
TLUP
TLUP
TLUP
TLUP
TLUP
TLUP
TLUP

610
620
630
640
650
660
670
680
690
T00
710
720
7320
740
750
760
770
780
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Vortex filaments
—————~-  Wing planform
X —— Elemental panel perimeter

!mage of typical elemental panel

Typical elemental panel on right half of the wing {subscript N + 1 - n)

{(subscript n) ——\

|
|

z

Figure 1.- General layout of axis systems, elemental panels, and horseshoe
vortices for a typical wing planform.
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L¥L ine of symmetry

Figure 2.- Variables used to describe the geometry of an elemental panel.
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Panel/ /
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Figure 3.- This detailed sketch of a chordwise row of horseshoe vortices illustrates the
velocities and circulations used to compute lift and pitching moment on the elemental
panels of a wing with dihedral. Note that the velocity terms and circulations which

are shown with each horseshoe vortex are different. (See Part III, Section 1 for
discussion.)
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X>

<>

2s cos(-®)

2s cos(- @) tan ¢

N>

2s sin(- @)

Figure 4.- Spanwise bound vortex filament at an arbitrary orientation in the flow.
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o Lift computed on frailing vortex filament
—— Data from output listing

NN Lift from spanwise vortex filament
777774 Lift from trailing vortex filament

6

12

= §

/C‘l‘zo e YT

Lav

br2
Figure 5.- Span-load-coefficient data for a wing with dihedral illustrating linear inter-

polation of lift generated along trailing vortex filaments and the combination of these
interpolated values with lift generated along spanwise filament of vorticity to obtain
final span load distribution.
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Figure 6.- Effect of vortex-lattice arrangement on ycp for rectangular wings at M, = 0.
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Figure 12.- Effect of vortex-lattice arrangement on BCm/BCL for a wing-body-tail

combination at Mw = 0.
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